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FOR~iORD

This report presents work 'which was performied under the Joint Army Navy

Aircraft Instrumentation Research (JANAIR) Program., a research and explora-

tory developmnt program directed by the United States Navy, Office of

Naval Research. Special guidance is provided to the program for the

Army Electronics Command., the Naval Air Systems Coimmand., and the Office

of Naval Research through an organization kniown as the JANAflR Working

Group. The Working Govup is currently composed of representatives from

the following offices:

U. S. Navy, Office of Naval Research
Aeronautics, Code 461, Washington., D. C.

- Aircraft Instrumentation and Control Program Area

U. S. Navy, Naval Air Systems Conmmnd
Washington, D. C.

- Avionics Division; Navigation Instrumentation and
Display Branch (NAVAIR 533 7)

-Crew Systems Div-ision; Cockpit/Cabin Requirements
and Standards Branch (NAVAIR 53l,3)

U. S. Army., Army Electronics Cornmand
Avionics Iaboratory, Fort Nonmouth., New Jersey

-Instrumentation Technical Area (A1'SEL-VTe-I)

The Joint ArrV Navy Aircraft Instrumentation Research Program objective

is: To conduct applied research using analytical and experimental investi-

gations for identifying, defining and validating advanced concepts Ulich

may be applied to future, improved Naval and Army aircraft instrumentation

systems. This includes sensing elements., data processors, displays., con-

trols and man/machine interfaces for fixed and rotary wing aircraft for

all flight regimes.
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NOTICE

Change of Address

Organizations receiving JA3NAIR Reports on the initial distribution

list should confirm correct address. This list is located at the end of

the report just prior to the DDC Form 1473. Any change in address or

distribution list should be conveyed to the Office of Naval Research,

Code 4.61l, Washington,, D. C. 2036o, Attn: JARAIR Chairman.

Disposition

When this report is no longer needed, it may be transmritted to

other organizations. Do not return it to the originator or the monitor-

ing office.

0

Disclaimer

The findings in this report are not to be construed as an official

Department of Defense or Military Departmient position u~nless so designated

by other official documents.0
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ABSTRACT

A computer program for the evaluation of cockpit configurations using a

23-pin-joint articulated stick-man (BOEMAM-I) is presented. The pr--ram-

utilizes an updatable bank of anthropological and environmental data,

and simulates the motion of a real pilot performing tasks in a crewstation.

The program provides information concerning reach capability, locations

and orientations of joints, pilot-cockpit visual interferences, numerical

perforrance indicators on joint displacement and deflection, and mass

displacements. The program provides also a statistical validation when

comparing real pilot and BOEMAN-I paths of motion.

KEYWDOD LIST
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O.0 INTRODUCTION

1.1 PROJECT DESCRIPTION

The Cockpit Geometry Evaluation (CGE) Methods Project is an experimental

study funded by the Joint Army Navy Aircraft Instrumentation Research

(JANATR) committee to develop an objective method of evaluating the physical

compatibility of crewmen with specified workstations. The first phase

of this project includes the development of a Computer Program System,

called BOEMAN-I. This program serves as the basic tool to store requir-ýd

anthropological and geometric data, make computations, and conduct evalua-

tions of typical crew movements during performance of tasks in a specific

creimtation configuration (geometry). BOMAN-I is also the name given to

the 23-pin-joint man-model upon which the system is based.

This volume of the Phase I Final Report discusses the BOEMAN-I Computer

0 Program System.

1.2 COMPUTER PROGRAM REQUIREMENTS AND ASSUMPTIONS

The BOFN-I Computer Program System is a sequential set of FORTRAN IV

programs for the CDC 6600 that provide the capability to (1) store large

and varied amounts of data, (2) retrieve selected subsets of data, (3) cal-

culate human body joint locations, (4) calculate selected numerical per-

formance indicators (based on (3)), and (5) validate BOEMAN's paths of

motion compared with those of real pilots. These capabilities are an out-

growth of the requirements placed on the program at the beginning of

Phase I as well as various assumptions made in order that an operational

evaluation tool would result.

D1 62-10127-1* 1
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The BORMAN-I Computer Pro.gram Syst-e- is designed and developed primrily

to met seven reqa remts far th<s Cockpit Geometry Evaluation study,

Thmee requfrents maTr be categorized as followst development of a

cockpit evaluati~oa tool., and the testing of the Phase I computer program.

(1) To ent~ablish a comimon reference s~,tem o evlut the itysical0

cobme i ofan~orator/cxvwstation lou.In the program.,

two~ reforence rystans are used. The first is a Euiclidean coor-

dlrhtte Wsytm vhose origin is at the cockpit eye reference point.

D&U on cockpit gemetry plane vertices and control locations

are ezpressad in this reference system initially. The second is

a Euclidoan coo2'dir &te system whose origin is at the lumbar

joint., and such that vhen BOEMW-I is initially seated in the

cockpit, his eye midpoint is at the cockpit eye reference point.

Thprge transforms all data from the first system to the

second at the beginning of an evaluation run. These coordi ate

systme are necessary because the lutabar joint location is

dependent upon BOENAN-I's link dimensions.

(2) T2 ouer tbl rwtto evaluation results regardless

of tho investUsator. Repeatable resolts depend on: *universal

availability of and well-defined procedures for generating the

anthropological., geometric and flight mission data; consistent

application of the model in regard to step size during a task

sequence., error bounds., weighting coefficients, and preferred

angles (all of these relating to the objective function of

D162-10127-1
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and the entire opt~imization procedure); relative insensitivity

of the model to differing initial conditions brought about by

utilizing different computers.

(3) To perMit crwtto vlain to be accuratelv pforme~d usin

an acceptableamount of timieande~xnse. For PhaselI hand

joints with respect to the control locations are calculated with

tolerance limi~ts of one inch. Currently, on the basis of CDC

6600 computer t:ime required to process a flight mitssion of seven

tasks, joint position calculations (up to 15 positions per task)

require between 3 and 14 minutes per task. Howrever, this can be

reduced significantly by decreasing the number of intermediate

positions required in tasks of relatively small distance.

(14) To s~cii itm that interfere with crew imovement to be

identified and indicate areas -where inprovepent. :Ls. ýmz

ficial * The program uses bounded cockpit planes and tests each

of them for the occurrence of visual interference with BQEMAN ts

line of sight. If interference occurs, a correction procedure

is used to 3018 H)EMAN-I as required to avoid the blocki~ng

plane. Physical interference of B)ENAN-I 's links with the

seatback is also identified but currently no correction is

applied.

D162-10127-1
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(5) To permit the evaluator to consider dynamic motion with real time

effects, variations in paor sipze • m ad complex action

and physical restraints. The BOEMAN-I system utilizes task data

that simulates the duration of a human motion and the generated

positions correspond to this time interval. The task sequence

used in the sample input (Section 3.5) requires that the

operator begin with his hands on the control stick. He then

responds to a failure of the hydraulic system by resetting

the master caution button, operating the utility power control,

and then he resumes the initial position.

The individual link percentiles are user specified, providing

for size variations of the operator. Physical restraints such

as lap belts or shoulder harnesses are provided for by restric-

tions on the angular limits of pertinent joints.

(6) T1 produce results in a form applicable to either por•am

maageent or desbi n development decisions. The program

produces a printed history of the flight mission or task

sequence for evaluation. There are user-controlled options

available to vary the size and content of the output depending

on the purpose of the evaluation. The options include

D162-10127-1
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suppression of any or all input data, and expansion of the

processing and summation sections, The system automatically

provides for a minimum of printout when a task is performed

feasibly. Section 3.1 contains the user input options;

Section 3.5 contains a sample printout of all input data

and the processing and summation data for one task.

(7) o provide method for validation of the mathematical model

of human motiQn. The BOEMAN-I program system contains a

statistical program used in the validation during Phase I.

It is discussed in Section 2.1.3 of this document; compari-

son of BOEMAN-I and human paths of motion is discussion in

the Validation Document (Volume V, D6-53620-3).

ASSUMPTIONS

The computerized model utilizes five operational assumptions:

0(1) Each of BOEMAN-I's hands (palm joints) moves in a straight line

during the task (provided there is no blocking object between

the initial and final positions).

(2) BOEMAN-I's upper torso is movable whereas his lumbar joint,

hips and legs are fixed in a seated position.

0
D162-10127-1
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(3) Joint angular constraint limits are not part of the optimization

procedure, although violations are identified for an infeasible

task.

(4) Correction for visual interference is made assuming only one

interfering cockpit plane.

(5) BOEMAN-I's movement during a task neglects the effects of

acceleration, deceleration, and gravitational forces as

well as familiarity with any given crewstation.

The remainder of this document contains a discussion of the programs in

the BORMAN-I system, a user's guide and a set of appendices detailing

program subroutines, definitions, block common and control code names.

1.3 RESULTS

The computer program system developed for the Cockpit Geometry Evaluation

Methods Program has the capability of positioning a 23-joint, articulated

stick-man (BOEMAN-I), with variable sized link dimensions. The baseline

model performs portions of a flight mission (task sequence) in a given

cockpit configuration. For each mission task, numerical performance

indlcators are calculated and visual interference is detected and

eliminated. The capability of storing and retrieving anthropological,

geometric, and flight mission data is built into the program. In addi-

tion, a validation program compares BOEMAN-I's paths of motion with

those of real pilots.

D162-10127-1
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Successful running of the BOEMAN-I Computer Program System has been

accomplished and validations performed against human movement criteria.

1.4 CONCLUSIONS

The BOEMAN-I Computer Program System demonstrates that applying a

computerized human motion model to a crewstation environment is feasible.

Its ability to generate relatively smooth, continuous and stable joint

paths of motion, test for visual and physical seatback interference, and

calculate numerical performance indicators provide a first step toward

evaluating the overall physical utility of a workstation design.

0 1.5 RECOMMENDATIONS

(1) The present program should be refined to minimize core storage.

This would reduce the problem of conversion to computers other than

the CDC 6600.

(2) The program should be made more efficient in terms of both program

logic and mathematical techniques used. These revisions would

reduce the machine time needed to calculate joint positions.

(3) A study should be made to determine the feasibility of performing

an interference analysis during joint position calculations rather

than after such calculations. This would provide corrections to

the paths of motion while being generated.

(4) Card input data (supplied by the user) should be reduced and made

more compact to prevent non-execution runs due to card input errors.

(5) The output format of the program should be revised to provide

complete flexibility, allowing the user to specify content and

format of the output.

D162-10127-J



2.0 PROGRAM DESIGN

2.1 GENERAL

The set of three program groups - Storage and Retrieval, Cockpit Geometry

Evaluation (CGE), and Validation - is called the BOEMAN-I Computer Program

System. The Storage and Retrieval programs provide an input stream to the

CGE. The Cockpit Geometry Evaluation's functions include accepting and

transforming user input, synthesizing joint locations, identifying inter-

ference, providing output for the user, and generating an input stream

0 for the Validation. Validation compares man-made and computer-generated

paths of motion; therefore, it requires a separate stream for the experi-

mentally determined data. Each of the groups (except the storage program),

therefore, must be run sequentially since they are each dependent upon

previously generated data tapes. The activity flow is shown in Figure 1.

The Computer Program System provides a data bank of information relating

to the workstation, the crew, and the flight mission to be performed.

Data on the workstation consists of vertices of identified cockpit planes,

and a table referencing coded names and locations of controls in the

cockpit (See Appendix VIII). Crew data include a survey of size, mass, and

centroids of links stored as means, standard deviations, and a

table of normal deviates. In addition, angular limits of joints and a

standard angular orientation are stored.

0 Flight mission data consist of the successive controls to be reached, and

viewed, corresponding hand orientations, and time values for reaching and

holding controls. (See Section 3.5 for a listing of the data bank contents

used in Phase I.) Hence the flight mission is a sequence of tasks. A

D162-10127-1
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task is defined as a movement of BOEMAN-I's hand link from an initial

position to a final position and/or the viewing of a specified control.

0 wThe storage program allows the user to generate on magnetic tape his own

evaluation data or to add data to the existing data bank. The retrieval

program allows selection of data sets from the data bank. Both of these

programs are described in Sections 2.1.1, 3.1, and Appendix V. A more

general description of usage may be found in Reference 13.

BOEMAN-I is required to perform a task sequence in a given cockpit con-

0 figuration. Each hand must be on some control and a specific cockpit

location is being viewed when the task is completed. The task is sub-

divided into steps, where each step is defined as that position which

corresponds to an interval on a straight line path for each hand joint.

For each task, paths of motion are formed based on the successive calcu-

lation of the locations and orientations of BOEMAN-I's joints.

As BOEMAN-I begins a task, it is necessary to determine whether the

controls to be actuated are within reach. If they are not, the given

0 task is deemed infeasible and is redefined to reflect the closest distance

* to the original task that may be feasibly reached.

Interference occurs if a control cannot be viewed or if any links inter-

0 sect with the seatback.

0 The calculation of joint locations and orientations, discussions of reach

feasibility (reach analysis), and resulting BOEMAN-workstation geometry

interactions (interference analysis) may be found in Volume IV, Mathe-

matical Model (D6-53620-2), Sections 3.2 through 3.4.

D162-10127-1
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The numerical performance indicatorv of the evaluation include:

(1) individual task as well as cumulative task displacement of joint and

mass centroid locations, (2) work done during e,•ch task and the entire

task sequence, (3) joint angular deflections per task and task sequence

(using only twist), and (Ii) head and eye deflections per task and task

sequence (using fall rotational capability). The calculations are de-

tailed in Section 2?2.5, Suwmrtion Overlay.

Validation consists of a statistical procedure for comparing the paths of

motion gcn•rated by BOEMMN-I with corresponding (experimentally determined)

paths of motions of humans, By use of an F-test, the hypothesis that

BOFMAN-I paths do not sigpificantly differ from those of humans is examined.

2.1.1 Storage and Retrieval 0
The storage program creates a data bank of information used by the BOEMAN-I

system. The bank includes data such as anthropometric and physical charac-

teristics of a human population and is stored on magnetic tape for later

use. The bank is partitioned into data sets, each of which contains a

category of anthropometric data such as joint angular excursion limits

(or a particular version of a category, such as link dimensions and mass

quantities). The data sets must be an acceptable format for the input

transformation overlay of the evaluation program* . In creating the bank,

data set identification labels are supplied by the user and are utilized

in the retrieval program, In addition, the user must specify the number

of data sets to be stored and provide delimiters between data sets.

*Data sets in some alternate form (or order) would require appropriate
modification of the input transformation overlay.

D162-10127-1
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The retrieval program allows for selective retrieval of one or more of the

data sets using the appropriate identification labels. The retrieval

data is also stored on magrm tic tape and serves as a basis for the parti-

0 cular evaluation "run". A restriction on the retrieval program is that

the order of the retrieved data sets must agree with the order required

by the input transformation overlay *0 The usage of the storage and

retrieval programs may be found in Section 3.0. A list of subroutine

names is given in Appendix V. Both of these programs were derived from a

standard Boeing package for use in the BOEI4AN-I Computer Program System.

2.1,2 Cockpit Geometry Evaluation

The Cockpit Geometry Evaluation Computer Program consists of six over-

lays, each having a specific function within the evaluation. These

0 overlays are:

(1) InTRw (Input Transformation)

0

(2) REACI{A (Reach Analysis)

(3) MAX). (Baseline Man-model)

(4) INTERF (interference Analysis)

(5) SUMM (Summation)

(6) OUTGO (output)

The CGE program provides joint locations and orientations of BOEMAN-I

as well as numerical indicators summarizing information about the path

generated in performing a task in a cockpit configuration. To reduce

storage requirements and provide separation of function., the computer

program is designed in overlay form with the above programs as primary

*Data sets in some alternate form (or order) would require appropriate
modification of the input transformation overl~y,

D 162-101 27-1
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overlays and with a driver program as the main overlay. The main overlay

directs calls to the primaries, and corwmnicates data to them by moans of

Block Common. A flow diagram for the main overlay is given in Figure 20

Subroutine POOL is a system routine which allows a collection of files,,

communicating with central memory solely via binary type read/write

stateements, to share a single common buffer. This also yields a substan-

tial saving in core storage,

'Me variables set up in the main overlay (Block Common) are called global

variablas as they serve the same function (or one function at a time)

throughout each overlay, The variables defined in each overlay are called

local variables.

The purpose or function of each subroutine in the CGE program along with

the input variables necessary for the subroutine and variables calculated

are given in Appendix VI. The subroutines are arranged by overlay and

according to when they are first encountered in the program. Appendix X

given an index of subroutine names and page references for their descrip-

tion.

A list of variables belonging to Block Common statements may be found in

Appendix III. These account for input/output variables when a subroutine

argument list is not used.

2.1.3 Validation

The validation program tests the hypothesis that the paths of motion

generated by the BOEMAN-I system and the mean motions of a like-sized

individual performing the same tasks are not significantly different. The
D162-10127-1
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fOVERLAY (CGE, 0,0)•

SPROGRA CGE* " 0I0)3
NT N UMBER OF TASKS

TYPE VARIABLES -0 *MAN 1 CALLED OUT OF SEQUENCE
DEFINE BLOCK COMMON FROM = I =>MAN 1 CALLED IN SEQUENCE
DIMENSION ARRAY

VARIABLES INF = 0 => TASK COMPLETED FEASIBLY
DECLARE {AT I => TASK IS INFEASIBLEDECLARE DATA

JSWITCH: =0 * CONTINUE

I => RECALL MAN 1

REDEFINE
BUFFER -- CALL POOLSIZE 

I D

C ALL OVERLAY (CGE, 1, 0)

(PROGRAM INTRAN)

DO 100 JTASK = 1, NT

00
ýALL OVERLAY (CGE

O •(PROGRAM REACHA)

0CALL OVERLAY (CGE, 3, 0)

( ROM MAN 1)

00 SWITCH-- _.__ALL OVERLAY (CGE, 3, 0)•
v CONTNUE "(PROGRAM OUTGO 1

00
Figure 2. Main Overlay Flow Diagram
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statistical procedure used to test this hypothesis involves computing an

F-value that indicates whether the hypothesis should be accepted or

rejected.

Tlius, the input stream includes both BOEMAN's path and repeated motions

of a corresponding individual during a task, The program calculates the

individual's mean path and generates and inverts a covariance matrix

from both paths. The result allows for the calculation of the F-value.

Tf the generated covariance matrix is singular, then an inverse cannot be

found and no F-value can be calculated. Singularity is a function of the

data used and if it exists, cannot be circumvented.

The method of the validation program is described in the validation

document (Volume V). The usage of the program is contained in Section

3.0 and subroutine descriptions are presented in Appendix VIT.

2,2 COCKPIT GEOMETRY EVALUATION OVERLAYS

2.2.1 Input Transformation Overlay

The purpose of Program INTRAN (OVERLAY,, (CGE., 1,, 0)) is to read data from

the retrieval tape and user-specified punched cards. As each data set is

read, it is transformed as required by MAN1 and other overlays. All

input data and other variables calculated by INTRAN are written onto an

intermediate file for use by the output overlay. The INTRAN overlay is

called only once, handles all input to CGE, and contributes to the initial

output using the intermediate file.

D162-10127-1
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0

The program reads tape handling parameters and control options set by the

user, for amount of output and an indication of whether a non-standard

link dimension and mass (user defined) survey is being used. With these

initialized., the link and mass data are read from the retrieval, tape and

with both the card input percentiles for each Link and a normal. distribu-

tion table (on tape), the percentiles are transformed into link lengths

and masses. Task sequence information and joint angular limits are read.

The angles are converted to radians. Upon completion of' this., SUBROUTINE

AN3LET is called upon to calculate the standard joint locations and ini-

tialize variables for the MANl overlay. Data describing the cockpit

control codes and location of planes (with respect to the cockpit eye

0 ~reference point) are then read. These and al~l of the data specifying

"position" are transformed into locations with respect to the lumbar

joint., which is dependent upon the calculated link size, Finally, the

control locations specified by the task sequence are selected from the

cockpit codes and stored. A list of subroutines local. to this overlay

0 may be found in Appendix I, A flow diagram for the INTRAN program is

shown in Figure 3.* A more detailed discussion of this overlay' s sub-

routines may be found in Appendix VI and in user's guide (Section 4-0).

0

2.2.2 Reach Analysis Ov'erlay

For each task, the reach analysis overlay determines if the control loca-

tions for each hand are within the specified sized BOEMA~N's reach, If

not, the control locations are repositioned to put BOEMAN within the

reach envelope. This change is noted on the intermediate output fi-le.

Evaluation then proceeds with the new task based on the redefined control

0rlocations.
D162-10127-1
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OVERLAY (CGE, 1 0)
(PROGRAM INTRAN)

R EA
COCKPITWRITE CONTROL

LINK DATA CODESOAND
JIYREI VARIABLES FOR Q OUTPUT COCKPIT

DEFE BC CPLANESS

S IK& /R EADAS COCKPTIN

TASKAONTRO

DMNINARYVARIABLES PLANES

DELRE-ADTAP WRIT CALULTE

I TPARAMEERSPTSKTI LOCATION OF

OPTION &I ADATA JOCPINT

CVETAS OTO

R EDLINK 
C N L OO R IN T OA T IOS

DATA

VR/COC 

K PIT

READ/ STAN ARDTRA S ORM
INNALIE ANGULAR AMT CODEST&

DS TRIBUTION /IO COC PI

RIPLANESR JOIT

LIRCNRO EUNKE COOBRDIAE

REDPOSTIONS& COMMNSDTONTRO
NONSADRMADNUA IMT OE

C01NVERTDISTRIBUTIONN RIT

TABL

P\CALCULATE 
ANGULAR DATA RA UERI

TO RA IA SAPEI FVAI ABEDET R
L I N K L E N G T H 

M A R V A I A L

LINK MASS
LINK 

CENTROID

WRIT WCA CULTE

RL._ _ INTALZS T A D A DA NC PI

Figure 3. Program INTRAN-In put Transformation Overlay
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The input required for this overlay includes link lengths, current top

of spine location, joint angular limits for the spine., and current task

information, Using this,, a top of spine position is calculated for the

given task based on the discussion in the Mathematical Model Document

(Volume IV., Section 3.2) and utilizing an optimization routine called

MTNIJM determines the minimum value of a function of several parameters.

(See Appendix IX for a description of MINUM.) If the task is infeasible,,

a new task is defined and the distance between old and new hand locations

is calculated. This information along with the top of spine position is

saved for the output overlay on the intermediate file. A flow diagram

for program REACHA is given in Figure 4.

2.2.3 Baseline Man-Model Overlay

The baseline man-model overlay is concerned with the generation of BOEMAN 's

joint locations and orientations at specified intervals during the per-

formance of a task, For this, link lengths, task time, terminal joint

location and orientation, joint angular limits and the initial task

position are required as input. These data, along with data read from

cards in the input transformation overlay are used in the optimization

routine LYNX, which determines joint angular values. LYNX uses an itera-

tive process to determine the joint angles corresponding to a minimized

objective function. This is done for each step of the task. If the

process does not converge (i.e., a minimum is not realized), then it is

assumed that some constraints are violated, and the amount of the violation

is measured. A discussion of the objective function and the optimization

D1 62-10127-1
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(OVERLAY (CGE, 2, 0)
(ROGRAM REACHA)

TYPE VARIABLES r--
DEIEBOKI IRDE I TASK FEASIBLE I

DEFIN BLOK I2 TASK REDEFINEDI

COMMONI0
DIMENSION

ARRAY VARIABLES0

0

SET LOCAL
VARIABLES

0

USING GLOBAL
VARIABLES

CALCULATES
TOP OF SPINE
POSITION

CALL PREANL USING

0

MINUM

'•VE ?A DIFFERENCE

NORA HANDA) PO IIN

WYEVRITBE S

& FEDEASIBLE 
T SKF ASBLDEFIN LOF K SPNEEIN2EDTS RDFIE

LLCOMO HAN LOCAION

SETOCATION

200

VARIABL0

Figur 4.EA RecUnl SINvra-rGrmRAH

MINU0
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technique may be found in Section 3.3,, Mathematical Model Document

(D6-53620-2).

Program MANi is designed to generate supplementary output concerning

variables of the optimization algorithm, if there is an infeasibility

condition present. These variables are printed out in a separate section

for later analysis.* Output for the evaluation cons ists of joint angle

values and joint positions at each step of the task and., fcr an infeasi-

bility condition, those joint angles exceeding their limits., and the

distance of each pal~m from its preset location. A flow diagram for

Program MANi is presented in Figure 5.

2.2.4t Interference Analysis Overlay

Once a set of joint locations has been generated at the end of a task,

the task is further scrutinized to determine if BOEMAN ' position inter-

acts visually or physically with the cockpit. If visual interference

occurs, a correction procedure describing a new and uninterrupted line of

sight is utilized. The correction procedure is not iterative. The

testing of seatback interference occurs when the visual tests are com-

pleted, A discussion of the interference analysis may be found in Section

3 .4 of the Mathematical Model Document (D6-53620-2).

Program INTERF (the interference analysis overlay) requires., as input,, the

task data, the location of the eye aiming point, the vertices of each

plane comprising the cockpit geometry,, the link lengths., and the calculated

joint locations during and at the end of the task, These data are stored

as local variables, The program first tests each plane for intersection

with the line of sight. If visual interference occurs., the offending
D162-10127-1
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OVERLAY (CGE, 3, 0)
(PROGRAM MANI)

_ _ _ _ _ _ ,

TYPE VARIABLES 0 =) z§TASK FEASIBLE
DEFINE BLOCK COMMON I IN F- I
DIMENSIONS ARRAY 1 =)TASK INFEASIBLE
VARIABLES L--

Iii~ii~7RETURN
SET INITIAL
POSITION &
JOINT ANGLES
IN F --0 

__0

SET UP
FINAL ARRAYS

INITIALI- FOR ANGLESCALL TS ZATION & LOCATIONS
CALL TASK - - ROUTINE

OFOR0
LYNX

DO 90K = 1, N STEPS CONTINUE

SET iI .
INTERMEDIATE ,NF
POSITION IF1(0
ARRAY

DETERMINE VIOLATION JOINT

CALL LYNX - "OPTIMAL" OFJOINT
JOIN T-ANGLE O ONVALE ANGLES & ANGLES &
VALUESLINK LENGTHS LOCATIONS

Figure 5. Baseline Man-Model Overlay-Program MAN 1
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planes with each intersection point are written on the intermediate output

file. Similar tests are performed during each step of the task for

physical interference with the seatback. All links on BOEMAN-I which

intersect the seatback are also written on the output file but no correc-

tion for this physical interference is made in the Phase I model. If

no interference occurs for the task, no output is generated by the Inter-

ference overlay. A general flow diagram for Program INTERF is given in

Figure 6.

2.2.5 Summation Overlay

For successfully completed tasks, it is necessary to calculate numerical

performance indicators describing BOEMAN's relative change in position

and orientation. Several quantities have been selected as representative

of his performance for comparative analysis within the task sequence and/or

with similar tasks in other cockpits. Each quantity is calculated for

each task and cumulatively for the specified task sequence. The per-

formance indicators used are:

(1) Joint displacements for each joint

(2) Centroid displacements for each link

(3) Products of link mass and centroid displacement (work)
for each link

(4) Joint angular rotations (twist) for each joint

(5) Head deflection

(6) Eye deflection

The input required for these computations includes initial and final

joint locations during a task, centroid percentiles and mass on each

link, task control locations, and initial joint angular and positional
D162-10127-1
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VISUAL INTERFERENCE

OVERLAY (CGE, 4,0)
(PROGRAM INTERF)_

_SET UP - D • 1091 ISL=

LOCAL VARIABLES
TYPE VARIABLES FOR PHYSICAL
DEFINE BLOCK COMMON INTERFERENCE D 0110(
DIMENSIONS

ARRAY VARIABLES

D

SWTHYES SET

I? SWITCH =0

NON

SET UP-LOCAL VARIABL ES (H E ) Y ESN

SOTV F=OR NEW

ETERRFERENCER

D0 100O , 1. I = IPAN E
i SWITCH = I

NSOLVE FOR POINT
OF INTERSECTION V EIICATRS)ETOF LINE OF SIGHTWRT
AND PLANE i L

SBpOUNED _ E SET VISUAL

PL D> INTERFERENCE

L NE-FS G TPLANE 4 SOLVE FOR NEW
? LINE OF SIGHT

TO ELIMINATE

WRITEINTERFERENCE

loo & INTER- YE CONTINU

/SECTION POINT•
I eA N Y NO

INTERFERENCE• "_f.. '-
CONTINUE I N DICýA TO RS RE-rb.•

0 N



4.'

PHYSICAL INTERFERENCE

191 ISL= 1, 2

D 41100 J=, ISTEP

o =>' CONTI NU E
D 1200 I = 1, NLINKS, 2 11 I BY-PASS

l TVISUAL
INTERFERENCE
SECTION

0>RECALLSOLVE FOR POINT f ROG RAM MAN 1
OF INTERSECTION KT15 DO NOT RECALL
OF LINK I AND I PRO MAN 1
SEAT BACK PLANE PROGRAM MAN I
ISLAT STEPJ

NPLANE = NUMBER OF
COCKPIT PLANES

SOLUTION YES INTERFERENCE ISTEP = NUMBER OF
?INDICATOR STEPS IN TASK"ON" FOR
LINK I

N NLINKS = NUMBER OF
BOEMAN LINKS

/WRITE
1200/LINKI AND,

/PLANE iSL
/AND POINT OF•
/INTERSECTION

CONTINUE

1100
CONTINUE

1091
CONTINUE

RETURN

SFigure 6. Interference Analysis Overlay Program Interf
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values. The joint arrays are reset for the next task with BO0RAN's

current orientation and position. A flow diagram for this overlay is

given in Figure 7.

202.6 Output Overlay

Program OUTGO, the output overlay, provides for a printed history of the

evaluation run, data for graphs and charts, and a magnetic tape for the

validation section. The printed history is divided into three parts:

(1) Input data

(2) Results of task sequence processing

(3) Summation data

Data for charts and graphs are stored on tape to be used generally with

another evaluation run for comparison purposes. These data include the

numerical performance indicators calculated in the previous overlay

(Program SUMM). The data required for validation include BOEMAN's joint

locations during each step of a task for which comparable laboratory data

exist.

The printed history is generated using the intermediate output file along

with control variables (user specified) which determine the amount and

kind of history required for the evaluation. These control variables

are discussed in Section 3.0 (user's guide). A sample output for the

evaluation may be found in Section 3.5 and a flow diagram for Program

OUTGO is shown in Figure 8.

0
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OVERLAY (CGE, 5, 0) 
1(PROGRAM SUMM)

CALCULATETYPE VARIABLES HEAD AND

DEFINE BLOCK COMMON EYE
DIMENSIONS ARRAY DEFLECTIONS
VARIABLES

CALCULATE WRITEJOINT 
NUMERICALDISPLACEMENT 
PERFORMANCE
INDICATORS

DETERMINE RESET INITIAL
CENTROIDCALLACMENT LCATRIN JOINT ANGLE

_OLOATON AND POSITIONAL

CDE E TARRAYS

CALCULATE

JOIT ANG0LAR

DISPLACEMENTS RETURN

CALCULATE
JOINT ANGULAR
ROTATIONS

CALCULATE
WORK
(MASS CENTROID
DISPLACEMENT)

Figure 7. Summation Overlay-Program SUMM

D162-10127-1

28



OVERLAY (CGE, 6, 0) D( PROGRA OUTGO) DO 1800 MX 1, NT

• READ 1 RTEA

TYPE VARIABLES EVALUATION
DEFINE BLOCK COMMON DATA FROM
DIMENSION ARRAY VARIABLES INTERMEDIATE

DECLARE DATAP

READWRT
INPUT DATA EVALUATION0 FROM INTER- DATA ON PRINTER
MEDIATE ADTP
OUTPUT
FILE /

SSUMMATION

WRITE J =DATA FROM
INPUT DATA ? INTERMEDIATE
ON PRINTER AU I

AND TAPE

CONTINUE

S~RETURN

•1 Figure 8. Output Overlay-Program OUTGO
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3.0 USER'S GUIDE

The usage of Programs CAPSIS (Creation section), RAPSIS (Retrieval section),

CGE (Evaluation section) and SV0M (Validation section) is described below

with respect to input from cards or tape needed for these programs to operate

properly. Following this is a description of the output from each program.

Finally errors and diagnostic messages and other machine dependent informa-

tion are set forth and sample input and output from the program is presented.

3.1 INPUT TO THE PROGRAM

INPUT: PROGRAM CAPSIS

The Creation section (Program CAPSIS) generates a data bank on magnetic

tape. The user specifies (on punched cards) the number of data sets to be

stored, and an identifying set name delimiting each data set to be stored in

the bank. These cards are read from the input file and are stored using the

routines from the referenced "DATA POOL" system. The only restriction on

the input data is that the content of the data sets must conform to the

formats used by Program CGE (INTRAN Overlay). After the tape is written,

it will contain all of the above input data and be ready for retrieval. Non-

implemented capabilities of this program include adding or deleting data

sets or combining two or more data sets to form a new data set. Currently,

no portions of data sets may be modified other than by replacement of the

entire set. A list of input cards required and their contents (for creating

the data bank) is given below:

D162-10127-1
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Card Sample
NojL Coluims Format Doscription Restriction Value

1 1- 2 12 NDS Number of data NDS >O0 07
sets to store

CT 2 1-80 8A10 IT(I) -Identifying First 12 charac- TAHL~bNAMEb=
set name ters must be LINKSURVEY
(I = 1,7) TA3LEbNAMEb=;

set name may
not exceed 10

S4 non-blank (b)
characters.

*H 3 to 1-80 8A10 Input. (LINKSIJRVEY) Must conform to (See sample
Ndata on (M4-2) data Overlay INTRAN output tape

cards formats (M-2) of CAPSIS)

Y4+1 1-80 8A10 IT(T = Terminator First 12 charac- TABLEbNAMb
of data set ters must be b ... b

0

(I =1,7) TABLEbNAI4Eb=;
Columns 13-80
must be blank
(b).

Cards 2 through Mi-i- are repeated using the succeeding set
names until NDS sets have been specified and delimited.

0

TINPUT: PROGRAM RAPS TS

The Retrieval section (Program RAPSIS) extracts data via user specified

set names. Da.ta may be retrieved from a previously generated data bank

by first specifying the number of data sets to be retrieved and then cards

specifying an identifying set name for each set required. The only

restriction an these sets is that they must be retrieved in the order

specified by the INTRA1N Overlay (Program OGE). The retrieval data is

written on a magnetic tape for use by Program OGE.

D162-10127-1
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Card Sample
No. Coluimns Format Description Restriction Value

1 1- 2 12 NDS - Number of data NDS > 0 07
sets to be re-
trieved

2 1-10 A10 NUN (1) = 1st set NUM -5 10 characters LINKSURVEY
name

*
Wa

AS

(Nlfl-l)1-lo A10 NIJM(NDS) - NDSt set NUN !5 10 characters COCKPITMMS
name

Card 2 is repeated until all NSS set names have been
specified.

INPUJT: PROGRAM OGE

The following input description is partitioned according to XE card input

and tape input from the retrieval program. Both types of data are read by

the INTRAN overlay.

CGE Card Input

Data Card 1

Format (1615)

nName Desition

1- 5 NT Number of tasks

6-10 NLF Input file number fromi which data link is0 Cretrieved

11-15 NSF Input file number for standard position data

16-20 NAF Input file number for angular limitation data

21-25 NTF Input file number for task data

26-30 NCF Input file number for cockpit control codes

D162-10127-1
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Column Name Description

31-35 NPF Input file number for cockpit interference

planes

36-4o NOF Input file number for optimization parameters

41-45 NNF Input file number for normal distribution
table (Input file numbers must agree with
6600 Control Card designations)

Data Cards 2-3

Format (1615)

Column Name Description

1- 5 M0K Printout input data
fl DO not print

6-00 KT2 0 Do not print
1 KPrint link dimensions

11-15 KT3 10 Do not print
1 -Print task data

16-20 KT4 -0 Do not print
11 Print standard angular position

21-250 -O Do not print
11 Print joint angle limits

26-30 KT6 0 -• Do not print
-1 -- Print coc geometry code

31-35 KT7 10 -* Standard link survey used
1 -• Non-standard Survey Used

36-4o KT8 0-Do no0rn
- Print standard position joint coordinates

41-45 KT9 0 Do not print
11 - Print control codes (with respect to

lumbar joint)

46-50 KT10 0 - Extended hand position tested

{1 - Clenched hand position tested

51-55 KT11 Not used as input 0
56-60 KT12 { 0 - Do not print

1 - Print reach analysis output

D162-10127-1
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61-65 KT13 Not currently used

66-70 KT14 ~ Not used as input

71-75 KT15 0 -. Determine new position for predefined
line of sight

11 D not calculate new position

076-8o KTr16 Not used as input

1- 5 KT17 Not currently used

6-10 KT1l8 Not currently used Card 3

11-15 KT19 Not currently used

16-20 KT20 Not currently used

Data Cards 4-6

Format (8A10)

Column Name DPes crtion

1-80 COMENT Three cards that contain a description

of the computer run

Data Card 7

Format (8A10)

Colurm NameDe 'itn

1-10 OSERV Name of alternate link survey (non-standard)

Data Cards 8-12

Format (8F10,0)

9Name Deýscription.

1-10 FCT Percentile value for each link of man-model

11-20

21-30

D162-10127-1
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Data Card 13

Format (3E10.2, 615)

Column Nae Description

1-10 ERR Allowed error for Davidon minimization
(LYNX)

11-20 SCALE Penalty coefficient scale factor

21-30 ERC Allowed error in satisfying each
equality constraint

31-35 IS"KIP { 0 Optimize first position
1 - First position optimization to be

bypassed

36-4o MAN OI. Suppress MANI output
S- Allow optimization data output

0- MANI's position already known

1 -• MANT's position to be calculated
from input angles

46-5o NSTEPS Step size parameter

51-55 MJ Maximum number of joints

56-60 IP Denotes MANI error output option

Data Cards 14-23

Format (10F83)

Column Name, Descriptio

1- 8 CONST Array of constant Euler angles and weighting
coefficients

9-16
Each of these preferred angles and weights
is associated with the 27 variable angles

of the motion model objective function.

65-72

73-80 5
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OGE Tape Input

The following ia a description of the format and order of data retrieved

from tape., and read by INTRAN

Link Data

902 Format (X12/(X2A10,,A8,qI2,,5FlO.2))

Card Image #1

Car Iage#2Col 1- 2 NL -number of links

Card Image #NL + 1

Col 1-28 LV0C - 28 character link description

Col 29-30 LN - link number

Col 31-40 UqENM mean link length

0

Col 41-50 LSTD -link length standard deviation

col 51-60 MKEAN- mean mass

Col 61-70 MSTD - mass standard deviation

Col 71-80 MPCT = percent of link length from proximal
end of link to centroid

Normal Distribution Table F = .5 to F = 1.0

903 Format (x16F5,2)

16 values/card image to get 4 card images with 51 values
(the positive half of the table)

0
0
0

0162-10127-1
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Task Data

905 Format (13,.7X.,7Al0/3A10.,2F7.3/6F1o.l/(I3,7X.,7A10/3A10,.2F7.3/6F1o.l))

Card Image #1

Col 1- 3 TASKNO Task number

Col h-1o Blank

Col, 11-80 TDES 70 character task description

Card Image #2

Col 1-10 RHTC Right hand terminal code

Cob 11-20 LHTC Left hand terminal code

Cob 21-30 ETC Eye terminal code

Cob 31-37 TDUR Task duration time

CrImg#3Cob 38-h44 THOLD Holding time at end of' task

Col 1-10

Col 11-20 RHORT Euler angle for right hand
j orientation

Cob 2 1-30 J

Col 31-ho

col 41-5o LH0tRT Euler angle for left hand

co 1-6 orientation

Standard Position Data

904 Format (I3/(3Fbo.b))

Card Image #1

Cob 1- 3 NL Number of links

Card Image #2 to Card Image # (NL + 1)

Col 1-10 THETA

Cob 11-20 PH{I Euler angles to define standard
Col 21-30 PSI psto

D162-10127-1
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Angular Limitations

909 Format (13/(6F10.l))

Card Image #1

GCol 1- 3 NL Number of links

Card Image #2 to Card Image # (NL + 1)

Col 1-10 Minimum THETA

Col 11-20 Maximum THETA

Col 21-30 Minimum PHI
Euler angles

Col 31-40 Maximum PHI

Col 41-50 Minimum FSI

GCol 51-60 Maximum PSI

Cockpit Control Codes

906 Format (13/(A10,3FI0.3)

Card Image #1
g Col. 1- 3 NCC Number of cockpit control codes

Card Image #2 to Card Image # (NCC + 1)

Col) 1-10 TCVOC 10 character description of
control point in cockpit

Col). 11-200 TCLOC X Euclidean coordinate location
Go). 21-3 y with respect to cockpit eye

SCol 31-40 J z reference point

Cockpit Planes

907 Format (12/4AlO,12/(9F8.3))

Card Image #1

Col 1- 2 NPL = Number of planes in cockpit

Card Image #2 Col 1-40 40 character description of plane

GCol 41-42 Number of vertices in plane

D162-10127-1
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Card Imge #3 (9F8.3)

Col 1- 9 Euclidean coordinates of vertices

Col 10-18 Three verticen per card - 9 values total

Col 19-27 Repeated for as many vertices

Repeat Cards #2 and #3 NFL times

INPUT: PROGRAM SVAR4t

The folloirng is a description of the input data required by the validation

program:

Card Sample
No. Columns Format Description Restriction Value

1 1- 6 A6 Code = problem iden- Code = 6HPROBLM PR2LM4
tifier

7-16 AJO PN = problem descrip- WES8ODD

17-21 15 N Number of joint N > 0 bbbb2
coordinates com-
pared

22-26 15 NR = Number of repe- NR > 0 bbbll
titions

27-31 15 MX • Maxiimum order MX 12 bbbl2
of' matrix

32-.36 I5 INP 1 1 suppress bbbbO
input data

2 1-72 12A6 FMT Format of input (5OX,8FlO.2)
data

3 to 1-80 8FlO.O X(iJ) = input data (See sample
(34NR) output)

I = Number of joint
coordinates com-
pared

J = Number of repe-
titions
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4 + NR 1- 4 A4 Code =data iden- codemh-u{Yffp HYPO
tifier

11-80 7F10.0 SXM(I) I =1,N
BOEMAN-I data

3,2 OUTPUJT FR@¶ THE PROGRAM

The output from each of the programs is described below. PROGRAMS CAPSIS

(Storage) and RAPSIS (Retrieval) provide output on tape only. PROGRAM OGE

(Cockpit Geometry Evaluation) provides output on both tape and the printer.

PROGRAM SVNMK (Statistical Validation) provides printed output only.

PROGRAM CAPSIS

CAPSIS gives an inventory of the names, locations., lengths and contents of

the tables (data sets) created on the file. The data set names used are in

the following initial order:

(1) COCKPITNMS (Cockpit Plane Vertex Locations)

(2) TASKSEQ (Task Sequence Information)

(3) LIhKSURVEY (Link Survey Data)

(4) CONTR0LC0D (Control Codes and Locations)

(5) ANGLELTMIT (Upper and Lower Bounds on AU. Joint Angles)

(6) SPOSITT0N (Standard position of all joint angles)

(7) N$RMAIJDIST (Normal distribution table)

0 ~The file name used to store these data sets is flBPO0L" or "TAPElO"7.

PROGRAM RAPSIS

RAPSIS gives an inventory of the names,, locations, lengths and contents of

0

the retrieved tables written on a file. The data set names and their order

is given by:
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(1) LINKSURVEY

(2) NORKALDIST

(3) TSKSEQ 0
(4) SP96ITION

(5) ANGLELInMI

(6) CONTROLCOD

(7) COCKPITMW,

The file nz.e used in retrieval of these data sets is I'0RK"! or "TAPEll".

In both the storage and retrieval programs, control card language is used to

copy thes3 output tapes to the printer.

PROGWA CGE

Output from CGE100 is written upon four tape files and the printer.

The file names and their general contents are:

TAPE 12 - Intermediate output tape (written on by all primary
overlays) ("BCD" records)

TAPE 13 - Backup tape (written on by MAN1 and OUTGO Overlays
("BCD" records)

TAPE •4 = MANl intermiediate positional data during each task
for use of OUTGO overlay ("Binary" records)

TAPE 16 = MAN1 intermediate positional data during each task
for use by the INTERF overlay ("Binary" record)

TAPE 12 is used to collect all numerical output. It is read by OUTGO and

printed along with a descriptive and tabular information provided by the

OUTGO overlay. Parts of this tape are also to be u~sed by the Validation

program as input.

TAPE 13 is the backup tape which yields the original output from MANI in

case of infeasibility conditions. The printed history of the evaluation
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may be produced at the option of the user.

TAPE 14 contains joint locations and orientations of BOEMAN-I at each step

of the task and is used by the OUTGO overlay to print out all positions

prior to an infeasibility condition.

TAPE 16 also contains the joint locations of BOEMAN-I at each step of the

task and is used by the INTERF overlay to test for seatback interference.

The printed output is in three parts: Input data, results of task process-

ing, and summation data. It begins with an overall description of the run.

The input data portion consists of seven tables:

1. Link Dimensions

This table provides an ordering of the thirty-six links that

describe BOEMAN-I's physique. For each link name and number, the length

in inches, the mass percentile, the weight in pounds, the centroid per-

centage distance from the proximal end and the distance between the link

centroid and the proximal ends are printed.

2. Task Sequence

This table gives the components that make up each task in a flight

mission (task sequence). Specified for each task is the right hand, left

hand and eye aiming control codes, the duration of the task (in seconds),

the duration between tasks, and the right and left hand orientation angles

(Euler angles).

3. Standard Position

The standard orientation of each joint in Euler angles is pre-

sented in this table. The joint numbers are the same as the link numbers

Ssince each joint corresponds to the proximal end of that link.
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4. Joint Angular Limits

This table describss the loiwar and upper bounds on each Euler

angle of each joint. Joints with fixed Euler angles show the same value

for the upper and lower bounds, The sign conventions of the angles, Theta,

Phi, and Psi, are shown in Figure 9. A rule to be followed is that neither

o or 9 may have negative signs at the same joint. Tn addition, if 0 is

zero, then that link does not deflect for any value of '.

5. Cockpit Geomtry

This table is in two parts, The first part describes the Cock-

pit Control Codes. Each control name (coded) and the Euclidean coordinates

of that control are lIsted with the eye reference point as the origin of

the coordinate system. The codes are abbreviations for controls according

to their function. Appendix VIII lists the full control names with their

abbreviations,

The second part provides a description of the cockpit planes by

name and with a list of each vertex location in consecutive order. The

vertex coordinates are also expressed with respect to the eye reference

point.

6. Standard Position

For each joint, the Euclidean coordinates of the standard position

are given. These coordinates are with respect to the computer's seat

reference point (lumbar joint). In addition, the orientation angles of

each joint are given in the standard position.
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7. Cockpit Geometry

This table is the sama az Table 5 except that the coordinates use

the lumbar joint as the origin rather than the eye reference point.

Part II (task processing) provides the output from the REACHA, MANI and

INTERF overlays. For each task performed feasibly (no interference), the

output consiste of BOWmAN's joint locations and orientations at the begin-

ning and at the end of the task,

If the reach anplysis d sms the task infeasible, it is redefined. The new

control locations for each hand are printed, with a corresponding "feasible"

top of spine position. The distance from the redefined controls to the

original controls are calculated and printed.

If, during the MAN1 optimization, the task becomes infeasible, all positions

from the initial to the last feasible position are printed. Following

this in a list of joint angles which have exceeded their angular limits.

Then the distances of the palms from the final control point positions, along

the straight line palm path, are printed.

If during the interference analysis, visual interference occurs, each plane

and the internection location with the line of sight is printed. The new

line of sight (two end points) found to correct the blockage is also printed.

If physical interference between BOEMAN-I and the seatback plane occurs, the

plane and interfering links, the position number during the task, and the

intersection point betwen the link and the seatback are printed.

Part three is the mumtion section. It provides data by task and cumu-

latively during the sequence on the joint and centroid displacement for each
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joint and centroid, the mass-centroid products for each link (giving an

indication of' work done) with totals for all links. Joint angular deflec-

tions (twist only) in degrees and head and eye deflections (total angle)

in degrees are also provided. All of the above assumes a feasible task

since this section is written only if the task currently being processed

is feasible.

PROGRAM SV0OW

SV0MM4 gives a statistical account of the comparison of BOEMAN-I and real

pilot paths. The output begins with the pilot and task identification codes.

The real pilot's input data, giving two out of the three coordinates (the

third is assumed fixed) of a joint position on its path., repeated n times.

The positions of the human may be printed at the option of the evaluator.

Following the joint locations of the human is the corresponding man-model

synthesized locations (1 repetition), The calculated covariance matrix for

the pilot data and the inverse matrix are then recorded. Finally the computed

F-value, with the associated degrees-of-freedom are printed. This output

scheme is followed for each of the sequenced paths to be tested.

0

3.3 DIAGNOSTICS AND ERROR MESSAGES

Ins5tead of error messages and diagnostics being interspersed with the

printout, a BCD file containing all of the MAN), calculations is dumped when

an infeasible task occurs., Errors occurring in other overlays are usually

fatal and the SCOPE 3.0 operating system would abnormally exit. When this

occurs, an octal dump of memory is given for that overlay as well as a

0 listing of any input tape (BCD) for error tracing, The only error message

occurs in Program SV0M when a singular matrix is inverted since the

F-statistic cannot be calculated, The storage and retrieval programs do
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not provide diagnostics except for the dumping of input and output files thAt

are used.

3.4 SYSTEM REQUIREMENTS

These programs were written in CDC FORTRAN IV for the CDC 6600 using a

Boeing-modified SCOPE 3.1 operating system. No unusual machine components

are used other than disc and tape drives (1 input tape and 4 files on disc).

The SCOPE 3,1 operating system possesses a flexible control card language

which aIlows for memory, tape and file dumps which are used after an abnormal1

exit. The ceontrol cards for each program are described in the following

sections.

PROGRAM CAPSIS

1. SEQUENICE CARD (Priority Card)

2. JOB CARD (Containing the job name, time estimate,,
field length estimate)

3o ACCOUNT CARD

4. TAPE RECUEST CARD FOR OUTPUT TAPE "BPf0L"

5. COMPILE CARD RUN(S) (Compile and list)

6. SETCORE (Set all locations in memory to zero)

7. EXECUTE CARD LGO

8. EXIT (Exit from SCOPE 3.1 operating system)

9. DMP (O,FL) (Memory dump of program's field length
FL))

10. EOR (End of record)
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PROGRAM RAPS IS

Same as CAPSIS except:

4.. TAPE REQUEST CARDS a) Input tape "BPFOL"
b) Output tape "WORK11

7.1 COPYCR. (WORK.,0UTPUT.7)(Work tape is printed out)

REWIND (WORK)

UNLC)DE (WORK)

DROWFIh (WORK)

PROGR.AM OGECASSecpt

*Samea

4. TAPE REQUEST CARD TAPE 11 (WORK) as INPUJT

7.1 & 9.1 REWIND (TAPE i)

7.2 & 9.2 COPYSBF (TAPE i1, OUTPUT) (TAPE i., i=12,1l3,,l4,16 as a file

* is printed out)

7.3 & 9.3 REWIND (TAPE i)

7.4 & 9.4 REQUEST (TAPES)

7.5 & 9.5 REWIND (TAPES)

7.6 & 9.6 COPYCF (TAPE i, TAPES) (TAPE i as a file is eritten on
magnetic tape)

7.7 & 9.7 REWIND (TAPES)

7.8 & 9.8 DEODUMP (,,,TAPES, 10) (The magnetic tape is printed
for comparison)

7.9 & 9.9 UNLO DE (TAPES)

DROOF(L (TAPES)

PROGRAM SVCE

Program SV0MN is the same as CAPSIS except no tapes are required (i:e.,

delete tape request card).

D162-10127-1

49



0

Accurate time estimates are not presently available for the execution of all

programs. Hovever, the storage and retrieval programs have executed (with-

out compilation) in 16.3 and 3.5.4 seconds respectively. The Cockpit

Geometry EvaluAtion Program would require about 25 minutes for a 7-task

flight mission with each task requiring between 3 and 4 minutes. Compila-

tion requires approximately 30 seconds and the other overlays require about

60 secondc for the entire ran. The Validation Program has executed in less

than 2 3econds per F-statistic0  The CDC uses a 60-bit word for storing

numbers, hence the calculations are extremely accurate, Positional coor-

dinates ard angular values ara given to four decimal places, Cockpit

geometry coordinates are accurate to one decimal place.

The most importLnt program restriction is that the retrieved data tape must

be written in a format acceptable to the INTRAN overlay. Other pertinent

limitations in the present system include the use of no more than 20 tasks

per sequence, 27 variable angles, 36 cockpit planes and 36 joints and links

of BOEMAW-I.

3.5 SAMPLE INPJT AND OUTPUT

This section is concerned with the sample input and output from the Cockpit

Geometry Evaluation Program,

SAMPLE INF¶JT

a) Card Input
156 ion 66 a2 2526 3031 35% h 33fW-1 45

Card 1 1n l [i nh i n

NT NL SF NAP NTF'NOPFiNF -- ___
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Card 2 r

1KT11 KT2_ KT31KTL UKT5 KT6 KT7 KT8 IKT TliKT1 KTI2 Kfl3 ¶fl T16

l1

Card 3n

0

LKT17 KI MITM1 KT

1 Thi's run is for the multimission simulator using the standard

0

lnk surean

I

*cardh4 
( i7 1re n

"C"" .ENT (I), 1i- 1,8
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0
Card 5 Using a. task sequence consisting of 7 tasks

C0MENT (I), I = 9,16

0

Card 6

CEMENT (W), I- 17,2)4

1 10

OBSERV

0
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5. 5. 5. 5 5. 5. . 5

* Cards
8,9,10,
11

P0T(I) 1 1,320
0 5. 5.

Card 12

L ITT(33) _ PCT(341 PCT(35 PCT(36)

0
10 11 20 21 30 31 3536 W41 )646 .)5160

1 i.E-4 100. .01 1 0 1~ 27 ¶

Card 13

0 H
ERR SCALE ERC H H z i H0-n n - -" - ,, .....

0
0
0

S~D162-10127-1
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8 9 1617 ?125 3233 Jol ý849 %57 6f• 7273 80

Cad1 r 0. 00100., .0001 40. .0001 10. 10.

Card 14

-..-.- . - - - -, -

Weighting Coefficients on Objf. Function

10. 10..00 100. .0001 ho. .0001 10. 10. 10.

Card 15

0

10. .0001 25o .0001 25. 1o0. xoo0

Card 16

0
CONST (1), I - 1,27

Card 16 Preferred Euler Angles
(Contd)
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0. 0. 0. 90. 0. o. 45. o. -15. 0.

Card 17

Preferred Euler Angles

Card 18

S Preferred Euler Angles

90. 0. 0. 0.

Card 19n

S

Preferred Euler Angles5CONST(I) I - 28,54

S

Cards Blank
* 20-23

S

CONST(I) i - 61,005 D162-10127-1
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b) Tape Input (TAPE ii)

The following listing of TAPE 11 provides the user with the

arrangement of the data in each data set:
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THIS SET OF DATA COINTAINS THE M-EAN AND STANDARD DEVIATION FOR BOTH LINK iiIMENS!I.,
ODAND ý i.INK AM.1S A5 Wl2--LL AS A PERCFNITAGE FOR THE CENiTROID LOCATION ,FOR EAý

.,LINK ON THIE ROEI.-OAN FIG-IRE.9

WL3UMBAR LINK 1 3.70 0.25 11.80 1.50 50*Ou
Dumm~y THOG.'A('IC 2 0.00 0.00 0.00 0.00 0.000
THORACIC LINK 3 14.40 0.14 37.00 4,71 50.00

*ECK LINKvVERTICAL 4 2.20 0.09 0.00 0.00 50.00
* EKLIN;•,HORIZ0NTAL. 5 1.50 0900 3.30 0.42 50.0,j
HE AD LINK 6 6.00 0.08 11.50 1.46 5D0.0J

* YEMIDPOINT TO HEAD) LINK. 7 .5.50 0.00 0.00 0.00 50.03
W NiT VECTOR FRON FYE 8 1.00 0900 0.00 0.00 0.000
,LEFT FEyEHALL TO HEAD) 9 5050 0100 0100 0*00 50.00
RIGHT EYEALL TO Ht:AD 10 5.50 0.000 0.0 0.000 50600

*INTERCL.AVICt LAR 1.IkKqLEFFT 11 1.00 0400 0.00 0.00 50.00(
WIN TEPCLAVICULAR LIN~KgRIGHT 12 1900 0.00 0.00 0100 50,00
CLýAVICULIAR LINL~iLEPT 13 6.60 0.25 4.90 0963 50'Ov

~LAVICULAFR LINKvRjýfHT 14 6.60 0.25 4s90 0.63 50,00)
SCUMMY SHlOULDER LINKOLEFT 15 0.00 0.00 0.00 0.00 50.00(,

DUMMY SHOUILDER LINKtRIGHT 16 0.00 0600 .0.00 0.00 50.00ý
.HUMERAL LINKLEFT 17 11090 0,41 5.20 0.67 46910

UMERAL LINi~hRIGHT 18 11.90 0.41 5.20 0.61 46,10~
RADICAL LINKLEFT 19 10.70 0.34 2.90 0,38 42.5')
RADICAL LINKtRIGHT 20 10.70 0.34 2,90 0.3a ?5

~UMMY HANO) LINK,LEf:T 21 0.00 0.00 0.00 0.00 040-1
WOUMMY HAND LTNKqPI'cHT 22 0.00 0.o0 0.00 0.00 0.00'

HAND LINK (FXTPNPOE),LEFT 23 7.50 0,34 1".30 0.17 47040
H,) LINK ( E'ATE:N!CnEr~), RIGHT 24 7.50 0.34 1.30 001-' 47o4"'

iAND LINKý (CLFNCHETD) 9LEFT 25 2.A0 0 , O' 1,30 01T 39. 2ýD
~HAt4D LINK (L- rN CH E )RI - HT 26 2.80 0.08 1.30 0.11 39,
PELVIC LINKLATERALOLF-FT 27 -3*50 0.21 9.20 1.17 5 0 , 0

W"ELVXC LINK9LArCpdL9`4Ic~l 28 3.80o 0.21 9.20 1.17 50,00
FEMOAL LIN'KiLEFT 29 17.10 0,66 16.40 ?109 4?,70
FE ORAL LINKiRIGHT 30 17.10 0s66 j6940 2*09 42s74)
TIE31AL. LINKLEFT 31 16.10 0,71 7.50096 4.'

WT ~3ALL~iIGT32 16.10 0.71 7.50 0.96
FOOT LINKLEFEr 33 3.40 0.15 2.60- 0.33

~FOOT LIN,~,FIG6iT 34 3.40 0.15 2.60 003 53l
W1EEILTOL LINK,LFFT 35 10.90 0.45 0.00C0 50)

IELOELNIHT 36 10.50 0.45 000)0 0.000 o.

THIS DATA S T iN TH2- ORDhINATýZ VALUES OF: TE NORNAL DISTPIBUTION FRUM F--5,,
*TOF=1 .00 NEn r) TT P INE LINIK LENGTH AND LI'NK MASS

o0100 0.03 c.05 0.18 0.10 0 13 0015 o,1i 0,?i o,23 0,25 0,?8 o4*31 0,33 0,36 0,134
0,.41 0.44 0.47 0.50 0.S3- ý1,55 O.S5 0.61 0.6h. n.67 0.71 0.74 0.77 0.Ri 04,84 A

*0 --)2 0~T c, !' 1-14 1.08 1.13 1.1H 19R?3 1, .34 1,41 1,48 le.36 1,;,4* 1979) 1.
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THIS SET OF DATA CONTAINS THE RIGHT HAND CO'JTROL CODETHE LEFT HAND CONTROL CO.;
,Ev THE EYE FOCAL POINT CIDETHF TASK DURATION IN sECON'jDS THE TASK HsOLDING TIME[
,AN) THE RIGHT AND LEFT HND ORIENTATION ANGLES ,FOR EACH TASK IN THE SLEOUENCE.
001 STANOARD FOSITI MN (ANGULAR) TO STARTING POSITION (BOTH HANDS ON STICK)
FCCSC FCCSC FCCSC - 1,000 1,0008000 85.0 IP300o 10010 9i,-0 - o.1o. .
"002 START Po-ITION TO LEFT HAND ON THROTTLESRIGHT HAND ON STICK
FCCSC FCT FCf 1-000 1"0.000 -

801o 85,0 180,0 90.0 110.0 -90.0
00-i EPRING LEFT HAND FROM THROTTLES To STICK
FCCSC FCCSC FCCSC 1,000 0,001

8So0 85,0 18600 100,0 95.0 -180,0
e.BRING RIGHT -AN- uP TO MASTER CAUTION BURTON TO RE$ST IT

ACAMC FVCCSC ACA1MC 0.900 0,100
100.0 90,0 110.0 100,0 95.0 -180.0

005 BRING RIfHT HAW)i TO UTILITy POWER CONTROL ON HYDRAULIC PANEý-
'MSHP FCCSC MSH F 1.500 0,500

100,0 81.0 170.0 100.0 95,0 -180,0
:10 3PRING RIGHT HAN" BACK TO STICK
FCL,.;C FCCSC FCCSC 1.000 0.001

fo.0 85.0 180.0 100,0 95.0 -180.0-o07 RING LEFT HAND BACK To THROTTLES
F'CCSC FcT FcT 1,000 10,000

100.0 B5,0 180,0 90,0 110,0 -90,0

0
0
0
0
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OTHIS SET OF DATA CONTAU$S BOEMANS STANDARD POSITION IN THE COCKPIT.
36 0 lpý

00 go., 0.

20. 900 0.
0:0 0:

90. 909 0.

go. 91, 0.
9n. 9o 0.
90. 12o 0.

90. 6m, 0.
.90. 18?). 00.

9 0, 9fo 0.

90, 0,) 30.

90. 9,1. 0.
10. 9"), 0.
30, 99. ý0.

go1. 9111 0.

~10. 9?). 0.

90. 91.0 061 0

90. *9,1. 0.
10. 96. 0.
0,o 90. 0.,

90. 9M). 0.183
90,09, 6,3

00 0
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THIS SET OF DATA CntITAINS THE ",TNTHIJ AND MAXIMUTA AkNGLES OF JOINT EXCiJRSION
WITH RESPECT TO AN EULEFRI.0 COOPOINATF SYSTEM
36 hi N G & , -MAX bv4.r t4A~ MI~ 'NAy,

-10. 10.0 90. 90, 0. 0.
200 209 90., 90, 0. 0.

-400 40, 0. 180, 35
0 .00 0. 00 0.

90. 9f), 90. - 90. 0. Of

300 150C 0, 180. 73. 73.
90-9QV 90q 90. 0. 0.

-61c 61. 0, 1830. 0. 0.
9f9r)120, 120. 0. 0.

9o0 60o 60c 0. 0.
90. 909 iO 180. 0, 0 .q

5- 90 n.0 10 0. 0.

-10. !of 0, 180, 0. 0 .D

~'30-0 -3 -090 90. 0. 0.
0Of 1o 0. 180, -340 9110
0. ! la-0 0. ISO.* 97. 34o

06 14?. 90, 90. 77.m 113.
1i1n- 90. 90, 0. 0.

100 i60 90. 90, 00 0.
-3,1 37, 0. 18,04 0. 0.
37: 37, 0, 180, 0. 0.

-37, 37. 0. 1W). 0. 0.
3-1, 37.1 0, 180. 0. 0.

1i8.16S 118,161- 180, 180. 0. 0.

118*165 1i81~90; 0. 0. 0. 0' 0
4, 13?, 0. 180. -95.q35 -22-.835

4 8 13;. 0. 1a)3 o 7 . PS 9- A --315

00 1113. -90. -90, -35, 43.

of 111- -900 -90" -419 359

-23, 23.1 0. 180. 0. 0.

go: 9119 90., 90: 0. 0.
90. 91. 90. 90, 0. 0.
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IS SET OF DATA CONTAINS A COCKPIT CONTROL CODE DICTIONARY RP.FERENCING CONT~ol-
~NA MES IN THE MULTI-MISSION SIMULATOR WITH THEIR EUCLIDEAN COORDINATE LOCATIONIS
wITH RESPE~CT TO THE COCKPItT EYE REFERENCE POINT,
091XIye

* FCF'4S -1306 ,25 .-31,?O FCEPS -11.45 "4.35 -31.2
FCT 15.8 3.9 ..30.45

FCEPT -15-7 7.-5-2.

* FCCSC -.p66 1709- 3.
FCSPS "1196 6.1 -30,4
FCT --36 6.68 3.
Fl RPUIL "11,4 26,0 ,17*n

OF1 RPt'IR wg~ 26.0 -17oo
FIPT W.,24 16.8 -23.?
FIAT W.24 16,8 .23.2

*FIWSFP -13o6 925 -31.2
IF-10.6 27.30 -110
FIFI -10.6 26-.82 -13,30

~FI TSI -2.6 25.,6 -19.2
WFIAAT -61P50 ?7.8 -8.6
FIAAA -9o45 26.8-1.9

*Fl HUC 0. 18*53-4 -6911)0
FI HUD 0. 2j3!0 -6,15I

O FIAI "6.91 26.0) -12,44
FIAS -6.46 26,3 -1603
*FI Mt -6.0 2596 .18,90

0.VS o 26.36 -15.2
FIVSDSS -3.50 2699 -1294

*FIV$O)H 3,5o 26.9 -1Z.4
O IS 3.50 25*7r -18.250
FIVSDC -3.50 25*77" -18.250
FIC 6.1 27.65 ý-10.28

*FI BA 6,48 26.80 M13,1
O FRA 6.55 26.30 .1.
FIMc 10.2 26-9-89
FIC9,50 26.80 -13.1

w IG 9.00 26 a 2 I.
FIRMI 8,86 25.72 -18.4

, FIHSD1 0. 23.0 -28.05
FIHSO? 0. 20-99 30

WFl HSDGC -5- 9t0 24.6 -20,84
FIHSfJCI 5.90 24,6 -p0.84.AFCSCP 13.75 13.7 -29915

O AFCSSP 10.o6 19.30 -3092P
AFCSAP 14*25 19.30 -29.83

O AFCADC 15.1 4151 "31,1

0
0
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mS F.SP -12.150 5-13 -3oq5
MSEPS -15.1 z 2w

MSLCE -13.94. -9,,2 -l?e16
mSLGC; -113,02 P0.587 -?4,829
MSFMP -14.50 4.35 -1(
mSECP Ia893 "900 -30oO10

mSLOQ 18.25 23.3 -?2.755
MSHP 20.45 -8, -g0

PiAC 11090 ?6a753 ý.i3,b73
NSRAT 15,,4 22,6 -?4,,08
V!S F, ,1 15,,7 24,6 15

MSAS -13.F- 8638 W29.9

OKI l0o66 27,16 -"11.4
OCMED1SP 14,56 ?6,48 -14,9~
ALtMC 3o533 pkp -110108

t, 07A F0 2799 -16,14

L _ F LW -8v4 2606 - 9sA.42
AMINW ;?, 27 , 25 -11,04

ACALAhA 3,0O 25,0 -19qp20
-18. SA19.5)4 -30,2

S lp-4.6 -29t10
WSASP -19.5 16.75257
wSMAS -19,08 22,10 :220,40
WSGS -19.90 19920 -25.05

1ss -5.56 ?2,,48 -23.0
w$SPS -18.0 -12.7 -31,1

WSEJ -19,0pl0 23.7H1 :21.745
,o~SLI-LTV 1490 21.0 -26,88
CNIMPS -180375 60?,E 2*
CNIMSS -21.375 3.??, -2S,7
CNITS -20.8 11-95 5*
CNIICSP -19.5 lb.? -25.95
CNIRBC 19o48 16P56 -25o4
CNIOD.R 17,.65 24.6 -21,4?
CNIDi-C 13 03 0 24.0 -2-3,72
cNINM1S 113.2 14,04 -7,
CNILOS - 20e84 5.22. -25,70
CNIDSS 22.3 >.,? -29.5

CNINDP 13.90 9.8 -?9,64
£rl1FHTT 6,050 -9.08 -32.37
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THIS DATA SET CONTAINS E~rH SET OF VERTICES CORRESPONDING TO EACH COCKPIT PLAN.F
SIN THE ML)LTI-M1TSSION SIMUtýA1'R COCKPIT -

0PRFOTPA'NEL 06
* 7.720 25-349 -?0.230 -17*720 26,817 -1*3.322 - 4-?50 28.368 - 6.021

4.2b0 26.368 6-6027 17.720 26-817 -13,322 17.7?0 25.349 -20.230
LOWER FRONT PANEL (CENTER) 04

,42,250' 24.540 -?l.'Oll - 2.250 25.349 -20.230 2.?S50 25.349 -20,230
* 29250 24.540 -21.011 -

LOWER FRONT PANEL (LEFT CFCNTER)'0
,.,16v770 23.101 -22,401 -16,710 25,349 -20,230 - 2.250 2~o349 -20.230

* "29250 24.540 -21.011 -49500 23.101 -22*401
LOWER FRONT PANFL'(RIG3HT CENTEP) 05

4,500 23.101 -22.40i 2@25'0 24,540 -21,011 2.250 25.349 -20.230
* 16,770 25.349 -20,230 169770 23.101 -?22,401
LOWER FRONT PANEL (LEFT WTK~n3) 05

1-1-BO7.8R -219859 -21*897 P?2,971 '?P#537 -i9-080 25.349 -20.230
.-16.770 25,34§ -?0,230 -16.710 17.8o8 .27,*859

*LOWER FRONT PANEL (RIGHT *iING) 05~
16,770 17.808 -78916,710 25.349 -20.230 1-8.080 25.349 -20.230
R1.89? 22.971 -22.537- 17.13? 17,808 -27,859

*LO HEP FRONT PANEL (LOWER LEFT QFNTER) 04
-16.770 20,314 -2.0 16.770 2ý3,101 -22.401 -i2,026 23,101 -22,401
-12.020 20.314 -P,9

LOWER FRONT PANFL (LOWnER ')IGHT CENTER) 04
* 12c0?0 20,314 -p5.093 12.9020 2-3*lol -22-,4-01 16*770 23.101 .22,401

16.770 20,314 -25o093
CIRCULAR SCOPE 06
* 0*000 19&769 -32..343 -4.630 21:376 -30.210 -4.630 24.602 -25.930

0.000 26.20q -2,9 - 4*630 24.602 -25,930 4.630 21,376 -30,210
HEAD UP DISPLAY PANVFL (FR)N'T)* 04

-2,060 181i - 8.2?9 - 2,000 19.071 - 4--071 20000 19.071 - 4.071
HE2.000 1P,188 - 8.229

W EAD UP DISPLAY PAý,FkL (L-EFT SIDE) 04
*~2,750 21,480 .10,?04 - 2,750 28*368 -6,027 - ?,000 19.071 - 4,071

* 29000 18.188 - 8.229
HEAD Up DISPLAY PANIEL (TOLI SIDE) 0

2.00 9.01 4.71 2.000 19.071 - 4,071 2.750 2.6 - 6,027
* -2,750 28,368 - 6,027
HEAD UP DISPLAY PANEL (RItlHT SIDE) 04

20000 1q9.071 - 4,071 ?9750 28#368 - 6.027 2.750 27.480 -10.R04
2,000 18.188 - 8.229

*HE AD UP DISPLAY PAMiEL (BOTTOM SIDE) 04
2,000 18.188 - 8.229 2.750 27.480 j10.2-04 -2,750 .271480 -10.204

-2.000 1P.188 - 8*2?9
UPPLR LEFT SIDE pANiEL 04
--17 ;125 -14-201 -12*230 -17*125 17.922 -21.001 -2?1*898 22-975 -22.*'?2
"-21,899 -14,P24 -P704q8

LOWER LEF -T SIDF PAVJEL 04
-10#405 -14.080 -,3e3 92 -16o426 16.904 -299320 -17.074 17*A87 -28,U08

W-.17,052'-14,?38 -32.231
UPPER RIGHT SIUF PtNEL 04

17*125 17e711 -,1.*98, 21*8e93 22,769 -?2.505 21.893 -15,134 -27.498

L ER RIGHIT SIDE P a NF.*L 04
* 109431 16.604 2;P9311 17*0t9 17.696 -27o987 17 .058 -14.537 -32-222
0 10,410 -14,3;0l -13,3q4 D162-10127-1
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CONTROL STICK PL.ArPopMV (TVP SIDE) 04 O
2,7b30 13.149 -?i8,230 2,7S0 13,149 -28,230 2,750 19,149 -28,230

2,750 19,149 ?8o230

AJNTROL STICK PLATFORM (L•.FT SITE) 04
2,750 13,149 -37,730 - 2,50 13,149 -28,230 - 2,750 19,149 -28.230

2.7S0 19.149 -37.730

2,750 13,149 -3,307,-
CONTROL STICK PLATFOPM4 (RiGHT SIDE) 04

2*750 19.I19 -37.730 2.750 19*149 -28.230 2.750 13.149 -28,e30

2.i50 13.149 -37.130
CONTROL STICK PLATFORM (HACK SIDE) 04 O
- 2,750 194149 -37.730 - 2,75o 19,149 -28,230 2,750 19.149 -28,230

2,750 19,149 -11,730
SEAT PLANE (LEF T SIDE) 05

.800 4,751 .37.130 - 8.500 - 4.751 -32,370 - 8.500 8,009 -31,090

98,500 8.609 -31.930 - g,590 A,609 -37,730

SEAT PLANE (FRONT SIDE) 04

"a8k500 8.609 -17*730 - 8.500 8-609 -31,930 8,500 8-609 -31*930

8 "'00 8,609 -37-730
SEAT PLANE (WXGHT sIOE) 05 -C 3 1 .0Q0

8,500 8,609 -3,730 8.500 8.609 -31.930 89500 8,i09

8,500 - 4.751 -. a2.370 8.,500 - 4,151 -37,730

SEAT PLANE (FRONT-TOP HErVH-L) 04
81500 8,609 -31,930 8.500 8,009 -31,090 8.500 8,009 -31.090

8,500 A, 6 0q -•1,930
SEAT PLANE (TOP) 04

8,500 8.009 -?1,090 - 8,500 - 4.751 -32,370 8.500 - 4,151 -32.370

6®500 8.009 -31.090
SEATBACK PLANE (LO.qER FROiT) 04

- 8,500 - 4,751 -32,370 8.50 -007.751 - 4.370 -10 . 4

8.500 - 4o751 -IR,3i70
SEATeACK PLANE (UPPER FFROfIT) 04

" 8.500 "o0'751 - 4,370 8'500 -10-751 3-630 8.500 -10'751 3.630

8-500 -10,751 - 4,310
FLOOR 04 O

-21.891 -15•,0oo -7730 p-98 9 7 -15,000 -37,730 1,897 30.000 -37.730

-- 21.897 30.000 -37,730
CEILING 04
-21.•9 -15.000 10.000 21.89? -15.000 10.000 ?1,897 309000 10,000

-21,891 -15,000 10,000
BACK WALL 04

-- 21989( -15.000 -3(,730 21-,R97 -15,000 10.000 21.897 -15,000 10,000
21,89t -15.000 -37,730

RIGNT SIDE WALL 04

21l897 -15o000 -37.130 21'897 -15.000 .00 0 21.897 30.100 10,000

21,R97 30,000 -37,130
FRONT WALL 04

210891 30,000 "V37730 21,897 30,000 10-000 -21.097 30,0o0 10.Q00

-210897 30,000 -37,730
LEFT SIDE WALL 04
-- 21.897 30,000 -37,1.39 -2• *397 30.000 10,000 -51,gq7 -154000 10,000

-21,897 -15.000 -37,731
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SAMPLE THff

The following listing gives the initial and final positions of BOEMAN-I during

Task 1. This task requires that he move from standard position to the

throttles. No interference is encountered and the task is deemed feasible

0 by the REACHA overlay.
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PART I

INPUT D)ATA

CONTINUFO

2, TASK SErnUENCF

TASK PI(H1 HAND) LFFJ HAND EYF AIMING TA!'K HFTWEEN
NO. C(nNfROL CONTROL POINT n'JHATI(W TASKS

(SEC) (SEC)

FC ~CC$r FCCSC-- FCCsC I .no 1.000
7- . U'.CSC FrT - FCT 1,000 10,00n

*3 Pr'CSC FCCsC FCCSC i.rJOO .001
.-4 ACA14C __ FCCSC ACAMC lqoC) 0100
ci MrHIP FCCSC M',HP 1.500) .500
6 _FcCSC FCCSC -FCCSC - 1000 tool
7 FCCSC FCT FCT 1.000 10.000

.. ...



-,IsHf HAND ORIENTATION LE'FT HAND ORIENTATION

(LULEIH ANGLES) 4EULER ANGLES)

( 80009 85000 180.0) (100.00 95*O. -ibO.O)
( 80.,0 M5.0, 0 1 0) -s 0) 90.00 110.00 -9000)
( 8Uo,0 850 1630.0) C100.0, 95.00. -lboso)

___100.0, 90.0, j11,0) 4100.00, 95.00 -180,90)
10*0 iR~o o.09 1,7o~o) lo100., 95.09 -18000)

4 80,.)g A5.0, 180.0) .1100.0, 95.00 -1830*U)
4100.09 85000 180.0) 4 90.0, 110.00 -9000)
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PART I

INPUT DATA
CONT INUED

3,. STANDARO POSI.TIONN...

JNT . . .ORIENTATION ANGLES
NO. (EULER ANGLES)

I 0.00 90.(, 0.0)

p ___ (2m.0, 9m.,n 0-0)
3 . -20,0 90,0 0,)

S. ... ....... .. . 4 .....___ 0. 0 0, 0 . ..... 0. 0)

/ 90.0, -9n.o, 010)
6. 90., 90.0. 0.0)

7 90.0 900,0 0.0)

1 0.0, 9O0.0 0.0)
9 -. 90,00 1?.0n 0.0)

1in 9no.0t 6n,0 0.0)
S. 1 .O, 1.n, ... o)0.0)

12 90.0, 00,n 000)
-.................-.- - T 3 ( o.... 0 0 .90 , . .... 0.0) .....

11 ( 0.0, 90n,0 0.0)

/1t5 .. 30"0. 90.09-. 0.0) -
16 1 -30.0. 9n.09 0.0)

S.... ............. 17 .... .. .... .. ..- 9 0 , , 0°00t a o,. 30.0) . ..

18 ( 90.0. 0.0, -3090)
9 v19 .. ( 9 . . 90.0, 0.0) ... ,

2n ( 91)0, 90.0, 0.0)
?1 . 10 .0. 90 0,0 0.0) ...........
22 100l.0, 9n. 0.0)

_ _23 1 n.' 0" ,a 90,00 ...... 0,a0 ) ..... .

24 "10.09 90.0, 0.0)
/I _..--Ina 0"0 ._90,o.0. 0.0). .

26 ( -10.0, 90.0, 0.0)
7 (A.... . ... II ,2,_ 180.0. 0.0) .
2A ( 118.2, 0.0. 0.0)

1C._ , .9n0 9o.o, ..- 61.8)
30 9 9o0, 9, 61.8)

S~~~~~....................31.. _.......90.0, -90.0. ..... 0.0) ........

32 Q Q0*09 -9n0,9 0.0)
.334.. 0"0 ... 90 0,.... 0.0)
39 -0.0o 90.0, 0.0)

36 1 90.0, 90.0, 0,0)
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PART I

S.. ... . ....... ... .... .- 1N #U T DA TA . ..... ... .

CONTINUED)

4&, JOINT ANGULAR LIMITS -..

NM* MIN MAX MIN MAX MIN MAX

I -10)o il.o 90,0 90.0 0.0 010

_. 2 .. 2n.n . 20.0 .....0.. .. 90,0 . 90.0 0 0 .. 0
3 "4n.O 40,0 0.0 18000 -35.0 35.0
4 -..... n0.o - 0,&0 _ _--- 0 0 * 0 0 . . . 0,0 ... -. ..

5 9o.o 9no -90.0 -9n0o 0,0 0.0
. 6 3n. 6--_150 .0 ..... 0,0. 180,0 -73.0 __73,0.....

7 9n,O 90,0 90,) 90.0 0.0 0.0
S.......... - 6 " 61.0 .. - 0.0 ... 0.0 .0.0 .

9 9o.o 90.0 120.0 120.0 0.0 0.0
..... ...... n . n. . ... .90.0 . 60,0 - 60.0 . 0.0 .. -. 0
1 9n.n 90.0 180.0 180o0 0.0 0.0
12 9n.0 9 - ....... ... 0 .0 --- 0 0 . 0.0 . .. 0.00

13 -l00o 10.0 0.0 80o.0 0.0 0.0
1,4 ...... .. . -1 , . . .. 10. 0 ... .. 0. 0 - 18 0 .0 0. 0 . 0 .0
!s "3o.o -30.0 90,0 90.0 0.0 0.0
. . .6.. -3n . -... .. 90.0 0 ..... 90.0 ... . 0.0 , .. 0.0 --

17 -180,0 n.O 0.0 Iol0, O-34.0 U.O9
1..-..--------.. 0 -.-- .8 .0 - ------- 0,0 --. 180. 0 -. . - 97,0 .. 34.0

0.0 142.0 90.0 90.0 -113,0 71.0
0........ - 0. 0 _ . 142,*0 -...... 90,0----- 90.0 ........ 77,0 . . 113.0

In.o 10.0 90.0 90.0 0.0 0.0
... .. .. . .m . . I0.0 . 0 . . 90,0 ...... .. 0.0 -. . 0,0

'3 -37.A 3790 0.0 180.0 0.0 0.0
P . 24 ......- 37.n . 37, ... 0.0 180,0 0.0 .. 0.

?5 -37.o0 37.0 - 00 180.0 000 -00
S. . ........ 6 ... .... .. 3 7 0 .. . . 3 7 .0 0.. .. .0 0 -.... l 0 0 ..... . .. ... 0 ,00 . .... 0 . 0 ..

27 118., 118.P 180,0 180.0 0.0 0.0S. .. ..... . . • ........ .. ..I I . 2 _ . I • 2 .... .. .. .. 0 . 0 ... .... 0 11 0 0.. . . . . . 0, 0 _ _... .... .. 0 0 . ....

?9 4P.O 132.0 0.0 180.0 -9s.8 -22.8
. .30.....320 .. 1. 0,0.. 80,0. 22 .8.. 9b.8 a
31 0.0 113.0 -90.0 -90. -35.0 43.0

S. 32 a.0 __ 113o0__ . p90o0 .. -90.0 ............ _ _m 43.0 .... 3 .0
33 "23,0 23.0 0.0 IH0.0 0.0 0.0
34.. -23..0 -- 23,0.- 0,0-... ... 18000 0,-0.0.- . 0.0 ......
35 90.0 90.0 9000 1O0O 0.0 0.0

_36 -90. ........ 90.0.. . 90.0 . 0.0 0.00
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PART I

INPUT nATA
CONTINUED

5, CnCKPIT GEOMFR.Y

COCKPIT DFSIGN IISFD IS THEMULTI-MISSION SIMULATOR,
CONTkrL LOCATTON COORDINATES ARE WITH RESPECT TO THE
EYE REFERENCE POINT AND ARE IN INCHES,

A, COCKPIT CONTROL CODES
-==CONTROL ... ..... ..

NAME LOCATION OF CONTROL

S- FCw • .. W. (-13,600, ,20,O -31*20A)
l.... FCLPS- .( -11.4509 .4,35no.-31,200)

FCRT -. 5,8009 3.900, -30.450)
......... T.......A -15.700, 7,500' -29.600)..

FCCSC .( o6 0, 1109009 -239p0r)
* ...... c SPs .( -11.6009 . 6"1009 300400).

FCI ( 13.6009 6,6P09 -30.P06)

r FIRPML ..... ( -11.400, 6.O00, -17.000)
FI HPP t -9,000, 26o000, -17.000)
.FIPT so -,40, 16.800, -23o?00)
FIAT M -,240, 16.8009 -?23?00)
FIWSFP ( -13o6009 .. 5 .50:.-31?,0n)
FIUT 10.6000 27,3009, -6.1o0)

S............FIAI .. . - -.. -... . ........ (..-I0,900, ... 26,. 0 ,.:.-12.440) ....

FITSI -2,.60, 25,600, -196.00)

S....................FIAAM __ _ _.- - _ _ ..... -6.0O0, .... 2S,600, :1.9...- . 00) ....

FIAAA (-9.4509 ?6,8009 m8,940)

FIHUr) OO00, 2860360 -6,150)
~ ~F ... ..... ..... F AI ..... . . ...... ... 6. m 9 10 .2 6.0 00 v _- -12 ,4 4 } ( . ..

FIAS -6.4609 26*300# -16°3O0))

SFIVSr. 0 .O0009 P6,360t -15,200)

S.IVSDS$ .So... -3500. 26,900 .9-12°400)
FIVSnH ( 3.00, 26.900, -12,400)

..... .ISDI .. 3,500,25.770f..m 18,250).
FIVSOC ( -3.00 ?-b.7709 -18.?50)
FTC I L.. 6s100, 9- 27.6509 0.'l ,2 ) -

Fs;a B 6,480, 26.800, -13,100)
S.................... __ C_( .s. 550, .... 26.300 .R.-1 b,. OD).
FIMC 4 10.200, 269.800, -8.940)

.FIRCe 9.500, 26,800, -13"100)
FIGM 9 9.OOU, 260320' -15,400)

IFIHM • __........ 8.860, .. 1 25 720 . 400).
SFIMHI C .0.000, 23.0009 -28905n)
........ .FI SD . . . .0.000, -.. 209900,9 -31,900)
FIHS-GC --- 5:900: 24#.600; -209840)S.. . ...............F.IM DC I.( ....... 5 ,QO0 9 -.. 24 v600 q..,_!-20 s840,} ...-.. .

AFCScp 13.750, 13,700' -29.15n)
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AFCSrp ( 10.600, 19.3001 -30.2P8)
AFCSAP ( 14,250, 19.300, -29. 30)AF(;AnC -.... .......... 15.100, 4,S109 -31,:10 ())0

S SP .... .. -12.500, S 130, -30,sOn)
( -15,700, R8o400 -29.900) m

-SLCI . . . .. 13.Q0P, 2-12.4809 -32,000)
mSLCF ( -13.90•0 -9,2009 -32.160)
M LGC (7 -CR,020, 20,587, -2'A,2'•)
,SrMp ( -14.500, 4c.350, -319606)
r• S •- C P A ( 1.,300, -9.000, -30,000)
!.MSCPT C 1,P550, 20.500, -254,63fl)
mSLO• -. ( 18.250, 23.300, -22,755)

M~sh-P n .4r-,40 , -8 .001), -?H .0n3nMI;AHr , 11,9009. P6,9 ' 3,f - 13,9c7.ý)

rPSRAT ( 15,400, 22.600t -24.080)
115,780, 24,600, -21,%0._

( -11.500, 89430' -30.9?n)
MS.ý A . .. - -13.500, 8,3R(o, -29.9o0)
nCMfSnp 20,840, -4*60o, -?9.100)
r.CMRHAWI -( 4.4409 27,450, -10.P0n)
OCMLwT C 10.660- 2t.160, -110400)
OCMEOS ... S C.14.560, 26.480, -14.A10) .
ACAMC 3,533, 27.28P9 -11.10A)
ACi"FL . - .. .. ( -4.000, 27.900, -16.140)

ACAFR ( 4.nO0, ?7.900, -16.14n)
ACALP ( 14.130, 25,700' -M.3 8n)
ACALFW ( -A.400, 26o600w -9o420)
ACAw . -39180, 27.2b0' -11,040)
ACA[AW ( 3.800, 25.000, -19.20n)
WSATs .......... . ( -18,500, -9,540, -30.200)
WSMP ( -19,000, -4o,600, -299100)
•SASp .......... ... ( -19,500, 16r150, -25975r)

A 1().019O 22.100, -22.300)
.. -1 ,900t 19,200, -2t.050)

WS54 --15.5609 22.4809 -23.000)
WSSPS ... I.000 -"12.100, -31.100)
"ISSPAT ( -1AO3u -13.8209 -31.150)
IASEJ . -19.o 0 23.7819 -21.745)
wSLLLTV-- 14.n000 21.00no -26.988i)
CNIMPS ,.. -1R.3"5 6.250, -28.600)
rNIMSS C -21.375S 3.2209 -?5.700)
CNITS . -?20,R009 11.509 -25.000)
CNITCSP -19.S(,00 ]5200' -25,950)
CNI P14C r, *916809 16,560, -25,400)
CNIOLR P 12.6509 24.6009 -?1,470).CN I L.. . . .D L 13.3009 24.0009 -23*72Q) ICNINHS C I,200, 14.0409 -27,2?0n)

CNIL L ...S . 20,8409 5b220, -25.700)
CNIFSS ( 22.300, 5.2009 -29.500)
.C NI N0 P .. ( 13.900, 9.8009 -29n640)CNIHTTD 6 9,0509 25*7009 -18.57H)
CNIMDS .. -.-- 12.750, -9.080' -32,300)
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PART I

INPUT DATA
CONTINUED

S. COCKPIT.PLANES

THE Pt.ANE VEPTICES ARE WITH RESPECT TO THE EYE REFERENCE

SPCINT AND _Apý JN (X,Y,t) 9OORDINA1E,.

.PLANE............................ ...... VERTICES

UPPER FRONT PANEL
-17.720, 25,349' -"2o230)S( 17,72no P 6 , 8 7 9 -13,322)

( 4.250, 28.36b, "U,02 7 )
17.7209 26.81,T -13.3?2)

. .. . . . . . . . ... . .. ( - 2 , .... 4 , -20e230 )
f -2*5nv-?4*b40t -2i.001)0 -2.25n, 25.349, -20o230)

........... . .....2,25(,.... 25.3499 -2o,230)
( 2*25n, 24.540, -21,011)O _ LOWER FRON-T..PANEL__(LEFT.CENTE.RI -.. -...... ... .........

(.-- -16#770,9 253499 -L>0230)
-2("-250, 25*349 "2002-30)

A( -2,25o,. 24,5 4 0, -21,011)
(-4.5009 23.101, -2?,s01)

S .FRONTPANEL (RIGHT-CENTER)
S( 4.500, 23.101, -2p.401)

S........ (. 2 25 ,... 4 540 -21.011)

S( 2.250, 25.349, -20,230)

( 16. 7 7o, 23.101, -2p,401)
-.LOWER FRON TANELEFT__W-N 1.8........

(17-137, 70859)
- .. ... - -21s897, --, 22,971, -2i ,537)

(18,0809 25,349, -2'n,230)
S-..(..16.77f9, ......25,349, -26,230)

( 16.77T, 17.808, -2i.859)

LOWE ,. ......... .. ........ . ................. . ... . .... ( 16.-770' .117.808. -2 .859)
167A 2 5:349, -20230)

..(-- 18*080, -25 3499 -20,230)
21*•]8979 22:9719 -?p.S37)

S-.( - 1 T .1 3 2 , ... ..1 T .8 0 8 , - 2 7 ,' 8 5 9 )

LOWER FRONT PANEL (LOWER LEFT CENTER)
. . . .. .. ...... --- 16770....20,3149 -24,093)

_ ( 16" 7 709 23:1019 "2"•401)•m" ... (. 129020,p--....23"1nlo -2 ,*401)

_,-,. n"12*O2o, 20,314, -2r).0 9 3)
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. .LONER FR.ONT PANEL (LOWER RIGHT CENTER) lo2p 20•4-29.093)
( 12.020, 23.1n1, -22,401)

-( 16.770, ?3.1f1, -2p.401) S....... . ..... . ... . .. .... .... ...... ........ ........ .. . ... . .( 1 6 ,7 7 0 9 2 0 ,3 14 , - 2 c;, 0 9 3 )

-..C IH C UJL A R S C O P E . . . . . . 1 9 97 69.. . . . . . . .. 0.0,O0' 19,'(69t -3?,' 3)

-4,63n, 21.376, - 3 6,21 0 )
( -4. 6 3n, 24.602, -25,930)

S... ( 0.. 0,00, 26.2n9, -23.797)
-4,630, 24.60n2 -215 9 3 0)

4e630, 21,376, -"30210)O

HEAD UP DISPLAY PANEL (FRONT)

( "2,00no 1990719 -40071)
S.. ... .. .... . . .... .. .. .. .. .. .. . ..... .... .. . ... .. .. .... . . .... . .. 2 9 0 0 0 9 1 9 , 0 7 1 t . " 4 , 0 7 1 )

-2,000s 18.188, -"*229)
.HEAD P.P 1 -P L A -.-Y _ -Ne_. A N-.. .L.. F.... C ? .O .1... E

DL-2,75ne 27,4p0, .1.204)

( -".750. ?8,3689 -6.027)
-2,000, 19.071, .4.071)

-...... .. C -2.000,. 1 .AP1 8, -A9229)
HEAD UP DISPLAY PANEL (ToP-SIDE) C-2.O0o, 1.1 4.071)..- 000 19,071, -4.Otl)

S2.000, 19.0719 4-.01)
. .... ...... 2,750, 28.368, -6.027)

2-.750, 23.368, -. ,027)
......EAD UPDISPLAY.PANEL 4RIGHT. SIDE?)......... ...( 2-0009 19.071, -4.0(1)

----. . . . . .. ..... . .. .. . .. . . ... . . .. . . . . .. ... ..-. 2 . 7 5 1) 9 2 8 -3 6 8 9 - A . 0 2 7 )

2.750, 27.480, -10,204)
.2,000, 18IA8, -8,229)

.EAD UP DISPLAY PANEL (-B.TTOMSIDE)
S. .. .. 21.009. i.?lpa -A#229)

( 2.75, 27.40, -lo9204)
S....................(.1,75.0, 27.480, -. 204)

-1705?, 18.1438, -3?.23)
... UPPER LEGT-.SIDE PANEL ------- ( -17 ,12 l, .-1492019 -3p*230)

__.. ( -17.125' 17,922. -2R*.O0)
-21.898, 22.9759, -22°b0b)

.... O -- E.................. -21.899, -15.834, -27.49$) W
S. ...... ........ ........................ .. .... ..... . .. ... . . .. 1 0 @4 0 9;9 - ]4 . 0 9O "3 'ý,3 9 2 )

-1"0.426, 16.9n4g.-2q.320}
~~ .. ............... ... .... . . . ... ...... ... . ....... .- 17 ,074 : 17 .8 0 9e -2R'@008 }

S(-17,052, .--14238, -32,231)

UPPER RIGHT SIDE PANEL
S. ........ ...... .............. .. .. . ( 17 .12 5 17 .7 1i 2•9l

(21#A989 22,7A99 -27.505)
S. .. .... L 21.8989 "15.134, -2j*498)

C 17.1259 -14.511, .-37230)
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. ~._LOWER RIGH4T _SIDE PANEL
(10.4310 16.6049 :26,311)

-(17.079,' 1796A69 2-2.9d f)

W(17-05g. -14-b379 -32.22)

CONROLS~jK PATFRM TOPSID) ~ _ _0.4109,0'14.3A~0,1033'9384)0 ~_ ..- 2s756$__,_139 1490 :2 8923 0)
2975n. 913.1499 -Zp.24 0)-

_ 2.750,19.149, -2P*2 3 0)

CONT.ROL _STlC'K PL'ATFORM _(_LEFT SID`E)__
.. (-29750,p ...13149, -3jr.730)-

-2975o.t 13.149, in2A'o230)
S. -(-2*75n), 19.1&9, -2A*230)

(-2075o'q 19.149, -37.730).__CO0NTROL __,STILKPATF0Rm ...iRONL- SI pEL
( 2.75no 13.1499 -3j.730)-

-.............. ( 2.750,. 13:1499 -2Ft*230)

-2#7509 19.149, -37.730)
.-2*7509 139.1499 -37-1 30),

( 2.0509 19,149, -37s130)
CONROLSTIK..PLTFO AcADEL(- 75n* 19.1499 -3A'*23O)

2.75ot .1391499 -2A.230)

...... -.. ( .. 2750,19.149, -3-.730).

~~_ 2- _ o 750__ __ 9 ,.,-.19 .. 149751.-37.730),

(-865009 ._._4.?c1, -3j7370)
... ~ __ (..-AsSOo 4 8019, -31.070)

C. .. RvSoov.8_._s6o9,. -37.730)

S.......... -.- ( a500,... 8.609, -3-1.930)
( 8.50. 8.~9, 37,730),

* ------- G.1.SDE -- 8.0 86099 -3j.730)
W __ 4-Reboot 8.6o9o -3i'-930)

......... a .500,9_ . 8.0t)9, .31.090)
... ~ 4 8.5001, -4.751, -3?7370)

A.5 00, 'u.4.751 -3i#730)
SEA.. LAE (ROTJO...BEV..LL .- -4-.. 8.609, 3'90

S... .------- L..8*500, 8.009, .31,0090)

C R.50),p -4.0F9, -31.090)

* SET PANE(TO) .. 85009~ 8,6099 -3'j'930)

-- - .-- -.- --.-.---.. __ - ... R.50. .890n9 -319090)

8.500,p 8.0099 31.090)
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rEATRACK PLANE.. (LOWER FRONT) .

-P.500,p -4.7r1 3.370)
P-.--A500, -10.7519 -4-370)

80A5009 .4.tlo51, -431 30)

S;EATB3ACK PLANE (UPPER FRONT)

* ( 85009 -10.7s, 19'. j630)

FLOOR
*.-.,-..-.-* 89~Y 7( 9 -1590O 9 JO3 UI30

21.8979 -.15.000, -37.730)
2108979 30.0009 037.730)
-21.897, 30,000, 00370730)

021.089 7 0 -15*OoO, 16.000)
S. ~ .... (21.8979 -15.0009 ln'0000)

210697, 30.00O, l~oOO0)
RAC wA t,-21.8979 --15.0009 In*OQO)

021.8979 --15.-Ont)0, -37.730)
.... ~ . -(21.8979 -15.0009 16.000)

219897,9-1590009 -3i.730)
RIGHT SIDE WALL -

- ..---..-.--*.-..... -42108979 -1590Oo09 10.0070)
21.897, 30.*0009 1n*000)

4 21.8979 .30.009O 137.000)

FRONT WALL .- ~ 2108979 -3090n00 *.37,p'30)

21-8979 30.000, 100000)
-2198979 30.00Ot 16-000).
-21*e979 30.000, '.37.130)

LET EWLL~ ~---..-- 21.8979 30.000o -3 i9730)

'.-2198979 -15.000, 10.9000)

............ "'21,8979 *15.000, "3j'.730)
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PART I

INPUT DATA
CONTINUED

0 TTm SEAT REFERENCE POINT IS LOCATED AT C 0*000. -4.000, -25,054)
"vITH RESPECT_TO__.TTE EYE REFERENCE POINT.

6. STANDARDPST N_

o.01NX, (YXvYZ) }COORDINArES
NO.

( 0.0. 0.0 3.3)

O I. ( 0.0, 0.0, 3.3)
34 400000'O ... 0.09 1905),

O 5 -0.0 , "o5 19ob)

6- (..O.O, 0 _--1o5 25,0) .
7 . ( -nO 4.0. 2590)

S. .... .. .... .. ...- -( 0.....-- "o O . ... . 0 _ 2 5 0 0 ) ...

9 -208, 4oO 25.0)
p 0 ( 2.8,9 4.,o.... 25.0)..---

1l ( I1.0. '.0n 17.5)
l0120 1.0, '... 17,5) ....
13 -7o2v 0.o, 17.5)

_...__ 14 _ _... 7.2 .. 0.0,o,__ 175)
O.156 t 7.2, 0.0o 17.5)

__ _ 6 ........ .. ( 7.2 ,. ... 0 0 ... 7 5 ...

17 C -7"2, 0.0, 6.2)
1_ (1 7..2 .00,_ 6.2)
19 C -7.2, 10.1. 6.2)
? ____________-. 7.(o 1.0.1 6,2) ....
21 -7.2, 10.1, 6.2)P,27o2 , o.... .10.a1 ........ -6 .e .....

3• . ".2, 17.1, 6.2)
P 4 ,. 7 - P. ... 17 .s .... 6o2).
25 ( -7.2. 12.8, 6.2)

/_-76 (_ 7....12..... 6.o2)-
27( -3.09 "0.0, -1.6)

____ ________ .. 3.0, .... 0.0, .... 1.6)_
9( -3.0, 16.n0 -1o6)

to 30.0 16... -1.6)
31 _____-__-.3.o, 0 .9 .-0 9 16.6).)
32 3o0. 16o0. -16.6)

----. 33 . 3.0 .... 16.0 .0.19.7).
34 3.0. 16.0. -16.6)

-35 -(--3.0 25. 0-19.?)
36 3.0# 16o0, -16.6)
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PART I

INPUT DATA
CONTINUED

7. COCKPIT GEOMFTRY

CONTROL LOCATTON-COORDINATES ARE WITH RESPECT -TO-TH -SEAT
SREFERFNCE POINT AND ARE IN INCHES. ....

A, COCKPIT CONTROL CODES
SCONTROL

NAME LOCATION OF CONTROL
. .. .. (CODE) .... (X,YZ) COORDINATES .....

......FCFws( -13.600,... 4.250,' 69146) _

FCLpS 1.-I.4S0, -. 350,'-69146)
FCkT . ( -15,8009 _ 7,900, .-- '- ,390)5)-
FCEPT ( -15.700, 11.5009 -4*.546)

...... _PFCC5¢.(~ -.... 6 0, ... 21.900, .- 1.854)....
FCSPS ( -11.600, 10.100, -b.346)

............. FC T a -13,6009 10*680, m5,146)

...... IRPL j-1i.400, . 30.000, .054)
FIRPMR C -9.000, 30.0009 8,054)
......... .FI T _( . 0 ... 20.8009--, 1.854)..
FIAT -. O240 ?0.800, 1.854)

.IwSFP... . ( -13.600, _ 4.?S0, .- 6,146)
FIFT -10.600, 31s300, 14*054)
.FI (..-10.600, 30.8200 .. 11.754)._
FITS1 -2.6009 29.600, 1.054)
F IAAT. -....- 6,500 9- 3.OO,.. 16.454) .... 0
FIAAA ( -9,450, 30.800, 16.114)

--- __F' U _( ... 0.0000,..22.538,9 .. 904)
FIrHUD 4 0.000, 32.0009 18.904).FIAI __________ -*.91U,....30.000'2.....6,1)....'L
FIAS C -6.460, 30.300, 8.754)
FIVO . ."6.O00, .... 29.600, ..... 6.154) ....
FIVSC 0.oOO, 10.3609 9.854)
FIV sS . _ 3.500,.30.900,_2.65)..
FIVSOH C 3.500, 30.900 12*.654)
.FIVD .3.r00,... 29*770, .7 . 6.80 4).
FIVSDC C -3.•00, 29.770, 6.804)S..........- .I ( --- ,1 0O ,...31.650 , .... 1.774 ) ...

F1l6A 6.4800 30.800' 11.954)

.FIA 6.550, 30.3009 9.254)~I .. .. .... I C... ( .... i .200 , -- 309800# .... 16 .s 14 ) .-..

FINC 9 .500, 30.800, 11.954)
FISHM . o .... 30.320, .... 9e654)
FIHM.. . f.86O, 29720, 6.6564)

S.IHS .n_ ( ..... 0.0009_ 217.000 .0 . -2 .996)
FlmsO)? 090009 24.900' 0-6.846)
FIHSDGC _ -5.900. 28.600' *.214)
FIISfCI (-- 5.9009 28.6009 4.214)
A F CFCSCP _ 13.7509 17.700o -4.096 )
AFCSSP . 10.600, 23.300, ..- 5b226)
A........ FCSAP __....._1J..50,--23s.300'--40776).-
AFtADC 4 150100, 8.510' -6.046)
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WMSLPI ( -15,7?009 12,4009 -4,946)

.... 4 -13.9009 -894809 -7,546)
P'SLC• 4 -13,940, -5.200, .106)

___ ~'LGC __4 -180209_.?4.%7
VSFMP . "14,500, 8.350, --6546)
t.' •S•CP 4 1.,300, -5.0009 -4.946)
m...SCp .. 1.250, 24.500 . -. 576)
mSLOn . .... . I 18| ,250O 27.3009 2.. ,)94)
MSHP 20,450, -4.000' -2,97-)S............ MSAHC ._ _ _ _ 1l,900,.30. 3,TS t.11,481)

WSHAT 4 15,400, 26.6009 .974)
I'm MSLaT 4 15.7809 -.296009 3s55w)

- MSS .t.. -13.500, 12,380, ... -4,46)

nCMSCP 4 20.R400 -,6009 -4.046)
) .CIMRHAW. ( .... 9.440 . 31,450, .o..14 A 5 )
OCMLWT | 10,660, 31,160, 13.654)

__ OC 0 EQ ____ 14 1,6 0 30.480' _ 100254)
ACAMC 4 3*5339 31,2889 13.Q46)

_... . ACAEFL ___. .. ...... .- 4,000, 31 900 ....... 8.914)
ACAEFR 4 9.000, 319900, 8.014)

A ... C........ AALP P 14.130, 229,700' ......... 6.674).
ACALFW 4 -8,4009 30.6009 15,634)

A CAww 3.91809 31. 250, 1.014)
a. C A L.A... 3,800 -... 299000,9- 5,854)
wSATS 1 -18,5f0, -5,540' "5.146)S__WSMP ~ ~ (.-19,000, .-.. "600'.-_4,046) ...
wSASp 4 -19.5009 20.7509 -. 696)

,. .S AS (.-19,OR0 .- 26.1009-.-.--...-.29754)..
WS()S . -19.900, 23.200, 0004)0 6_ 643 ý .04
WSSPS --18.000. -".7009 -6.046)
w SSPAI .- 18.0309 ,-9.820 o_. -6.096) ....
SVSLJ -19,nbO, p797819 3.309)

... .._ 14.000,... 259000,.... - e826).
rNIMPS 4 "I$.375, 10.250, "3,546)
rNIMSS ............. -21,3759 7.220, -. 646)
(CNlT$ 4 -20,800s lb*9509 9054)

S.. . N CS .. ....... -19,5009 , ...009- -. *A', 95)
rN1RRC 1 )9,48U, 20.560, 6.346)

I. NDLR. . _ 12.650, 28.600. 3.584)
rNIDLC 4 13.3009 28.000, 1,334)

..CN NMS........... 18.200..... 18.040' -.... 3-,46) _-

SeNILOS 4 20.8409 9.2209 -. 646)S.... ' ...... C IOSS( ..... +300 ...... 9 9200 9,+ . " *4405 ...
CNINlp 4 13,900, 139800# -4,586)

-.. CNIHTTD . 6,0509 29,700' 6.476)
l- NIMDS ? 12)760, .5.080,..-726
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'PART I

-INPUT DATA.

CONTINUED

B.COCKPIT. PLANFS - - -

THE PLANF: VERTICES ARF WITH RESPECT T0 THE SEAT 14EFERENCE POINT

AND ARE IN (X'y'i) COORDINATES,

PANE-.- -. VERTICLS

UPPER FRONT PANEL
......--.-...~-..----..----. (17*7209 29.349, 4.824)

-4.250, 32.3689 1q.027)

17*7209 30*8119 11.7.32)

LOWER FRONT PANEL (CENTER) -.--. .1.2, 2.4,.484

- ?... . ... -? 5 n 2 8 .b 4 0 .4Z.043)
-P*2509 29.349, 49824)

( 925no 2993499 j.043)

* -L~tER , -__RONT _pAN.EL A.L-F.T-CENTER-) *5q2b49 403

-16977nt 27.101, 29653)
-. .. ~ -.---- . 16,77A9 29,4 9 -4.*824).

-2.?5nt 29#3499 i4o8?4)
.... .. ... . ~. (. .. 2.25ov-.28,6 4

09 40043)

~..LWEILONPAE_(~CNTRo9 .0 0 9 27*1( 19 7*653)

-~-- ---.. .... ~L 2*256g,.. V8b40q 4.*043)
2.25og 29*349, 49824)

16 977o.9 2j.018245)

--- -.. LOW-ER 'R.ONT....PANEL ALEFT -WING). .~.. 1*7o2,00 ý6

-17.13?, 21,8089 -?.805)

1R.*080, 29,349, 4.824)

-16.7709 21.808, ?8 0 5)

lOWER FRONT PANEL (RIGHT WING)
- - - -- (16* 7 7ot 21*808, .8b

----...................... 1A*0809. 29.34i9t .324
2171979 ?6-9719 2?.851

LOWER FIRO NT -PANE L LOW .ER.A LEF -T -CENTER) I .817,12 ?6.91, 1 b1)

........................( 16.a7 7o n. 2494 ..039)
_ _6970 27Sl ý6

12 * 02.2 o 2 7.a10 1,e.. .6 53)
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LOwER FH-ONT..,PANEL. (LOWER- RIGHT CENTER) ---

J697709 .2olt -.039)

C1HCULAR SCOPE

fl.O0o. 30.21i9o jo2b7)

4.63n, 25.376, -',.156)
HEAD tiP PISPLAY PANEL (FRONT)

- . . .- 2 o~.. ~ . . -2 0 0 , 23 o. )7 1 9 2 9983)

2.0009 23.0719 20*983)

PAEC 2.0009,... 22.188, lA.O82 b)

HEAD UP DISPLAY PNL(LEFT SIDE)-'.

1 n2*O0,0 22*IAA9 1("0825)
- HEAD UP.-.DT.lSPLA.Y.-.PANEL.- (TOP. SIDE) - ..-

-2.000, 23.0719 26.983)

?9006 _~... 23s0719 20#9833)
2*7509 32o368, 19,027)

-2 AD .. 2756. 32936 19-021)
HEA UP nTSPLAY PANEL (RIGHT SIDE)

-C 2,75o, 32.43689 lqo0 27)
S- ~ ( .. 2.75n9, ._3].4AO, 14.850)

C 29000t 22.188, 160825)
....HEAD UP .DISPLAY.. PANEL (BOTTOM SD). .

C 2o 7 5()9_ 31.4A0, 1-4,850)

UPPER LEFT 'SIDE PANEL 
-&0o2oI8 ~85

-17.1?'3, ?1.9?22 mp.947)
S-~-. -..-. ..-..- . . C 21*89F1, ?6.9759 5. 39!)

LOWER.LEFT SIDE-PANEL - .--... -.-.-----.. *9*-~oq-P44

-Il*0.4Ofi '-1 Of OA() -A 33 a)
... 4..L.............-10.4261, 20.9n4o -iZ.266)0 C1790749 21.13g7: :29954)

S. . .- --------..... -C!w.17 o052,.10 R38, -7.17 7)

UPPER MIGHT SID)E PANEL

C21.89At 11.13l4, -2.444)

WLOWERwER IGHT SIDE PANEL -.- *.-.. (..72. 1bl, v17

1790799 21.6g6,' -ý933)
C. .17*058: "-10:5379 -7:068)
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CONTROLý STICK PLATFORM (TOP SIDE)

-2 *750, 23'17149, -361,16)

CONRO SIC PATORM(LFLSIE)_ 2*75no, 13.1499,. -1.176)
2.750,- 23.1490 -lp.6F6)

-.. .~ ~.. (-2. 7 5og, 17.149, -3._i176) V
CONTR.OL. STITCK .PLA.TFORM_ (.LFROT.S-IDE,) (-.7- p.49 1?6

-2*7509 179149,. -3.176)
---. ._-------. ... ( -2* 7 50n. 2317 1499 --3.17'6)

f 2*750#-.237.1499 -1?S676)
CONTROL STICKPLATFORM (FRON SIŽDE.)

2.7569_ l3.149, "1?.6?6)
~ ( 2*7509 17*1499 -3.116)

COTO TC LTFOR.M RIHSIDE) -..2,750# 17.1490 -1?.676)

.- __ __.. ( 2,75ot ?3.1499 -1;,,676) V
------- 2*75  i-,-,23.1499, .3 176)

2*75ot 179149, -i.176)
( 2*7509_. 23149, -129616)

STICK PLANT~FORM(BCKSIE).

-(- ----- . -20509,-2*14,p -17'.676)

297500, 2391499 ml.036)

SEATLAN ~I~ONTSIDE -~( B.o~,12.bl9,-1?.676)

.. ~___ .____ _ ___ _.. - L 8 *500,91 -. 1519 -6.816,)

-8*5009 12.6099 -lpo676) W

-.... ..... . . 500, 9---12*6o9o -12,676)..
SEAT PLANE tRIGHT SIDE)

8*5009 1296n9, -6.876)
- ~ --.-- V. FI5bno.. 12#00o9 -6*036)

8.5000 "67sle -7.316)

SEA4T 'PL'A*NE (-F'RONT--TOP BEVEL) .. C-. 71,1.6) w
-RoS00, 12.009, -6ý.036)

_____ ____8*50ov-12*.0n9 6036)
8.5O09 12.609, -6.876)

(-8*S009 12o0n9v -o,9036)

U- .000 o.bo 0719 -7.316)

D162-10127-1

84



SEATRACK PLAK'E (LOWEN FRONT)

SFATRACK PLANE (UPPER FRONT) A5~ .~, 736

( o3500, -6.91,~ 2A.684)

. -- -------- ( -,5009 -6.751, 2n'.684)

-21-897, -11.009, 1?o6b16)

.-..-..... 2 1o89711, 34.000, 17'9.16)
( 21.8979 34,0~09 -1.616)

(ELIG -.---.-.-- ( -21*8979 -11.O00,9 3t,054)

S? 1-8c07, -11.000t 3c9.0b4)
21-8979 34.000,0 35.054)

RACK WALL...--. .(1.7,-.O,

S- . --.. (_21.897* -11,000, -12.*676)
-21*8970 -11.009, 3.,9054)

................................ ( 2108979 -11 e0009 3S~oO54)
21.8979 -11.000, -129676)

~I Q HT 5 1 WALL

PI(-1897o -11.o 0n 0 3t,.054)
21.897, 34o0nQ9 3cioo54)

FP4NT AL . .. 21.8979, 34,P00,9 -1ý*616)

..- 121.897. -.34-0009 -1P*66i6)
21-897, 34.0009 3r9.054)

.~-(.-.21.*897.p 34.000, 3c;.054)
(-2l.897, 34*0~00 -lp.676)

LVT SIDE WALL -. .-

( 21.997t 14.0009 m-1)'676)
. .. . (."21.897, 34.000, 39i -004)

-21.897, -11.000, 3%o054)
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PART 2.

PROCESSING TASK 1

POSITION 1

JOINT NO. EUCLIDEAN COORDINATLS (INCHES) ANGUI.AR COORDINATES (UWGRLES @

1 .. 0.0009 0.O009 3.-9n) ( 0,000o 90,000, 0,000)

? 09000. 0,000, 3.•9f) ( 20.0009 90*000, 0.00o)
I -. 000 ,000, 11,46n) ( -O,0000 90.000, 0.000)
4 -00on,. .000, 19.513) 1 0.000, 0,000, 000)
S- 000, -1.5009 19.*13) ( 0.0000, -90.000, 0.0nO)

-.0009 ....- ,500, 25.054) 90.000, 90,000 0.000)
7 -. 000, 4.000. ?5.0b4) ( q0,000 90.0009 0.000)
S-,0On. 5,000, 25,0"4) OUOo 90.000, 0.000)

9 -?•A47, 4.000,' P5.054) 90.000. 170.000, 0.000)

) .A479 4.000, 9.. A04) . 90,U00 60.000, 00000)

11 -1,000, .000, 17.460) ( 9l0000 180.000, 0.000)
.) . 17oo... 000,17,460) .. 909000, 0.000, 0000

1 1 -7.190' .000, 17.460) 0.000, 90.000, 0.0o0)
14 . 7.190, ... 000, .. 17.460) . I O,000, 90,000 0.000)
15 -7.1909 .0000 11.460) 1 -30.000. 90.000. 0.000) W

----.-- 1 7,190, . O ...... -, 17,460) 0 -30.000, __90.000 0.000 )
17 . -7.190, .000, 6.733) . ? -90.000. 0.000, 30.000)
' .... . 7.19 ,..... e0009.___.6. 233) 1 90*.o.. OoO009 !30 * O)

IQ -7.190, 10.14?, 6.233) I 9o.uO0, 90.000, 0.000)
n - (- .... 7.190 o 10.142, 6. ?•33) 9 ( 90, U0, 90,00og. 00000)

1 -- 7.190t 10,142, 6 23') 1 10.000, 90.000, 0.0nO)
P. 7q190- 1o.•l eJ. 3) ,. 1oO,000 90,0000,0 0,0o)
73 -7.1909 17,085, 6.i33) 1 -10.000. 90.000, 0.000)
P4. . 7 . . 19o -... 7 ,085t10.o O0 .... 90.000'. 0.000)
P 1 -7.190, 12.811, 6.233) -10,000, 90,OOn, 0,'00)
p . 7,190, 12 . .8.11 6,43) 92-31 0, ...... 90.000, -0 OO.0)

17 -3.050, -0.000, -1,630) ( 118.1'b, 180,000, 0,000)

1 3,050,O- 0,,-. .. , . .30) ( I18,1'!, 0.000,0 0.000)
-.. 0500 16.020, -1.630) 1 901000. 90.000, - 6 1,8-5)

. . 3.05,.._1 a00,.. -2063) ...... (90000v ...- 90.000,.. 61o835)
1 1 -3,0509 16.0?0, "16.510) 1 90.000, 90,000. 0.000)

3? 3.5n....,O16020t•,57.' O) ( 90.004 00. .9. 0oa0 0 OnO)
33 -3.050' .16.020, -19.720) 1 0.0 U. 90.000, 0.000)
34 . 3 0950,I6.020,-i6,b"0) . .( 0... , . 90,000, . 0.000)
39 -3.0509 25.7do0 -19.720) I 90.00. 90.000, 0.000)
36 1 3,050,....16,020o,-.16,570)- 1.. . 90.U000 ..' 90000 .a 0 .000)
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POSITION 6

* ~JOINT NO, EUCLIDEAN.-COORDINAT-ES -(INCHLS NUA ORIAES)- (DEGREESli

n oot, ..527,j 3,247) ( 9,2249 9o~o"0.000 .no)
2~~__ 00(- -_27 2.0000?.47 90*0009, 09000)
W* -471, 4.202,p 16.597) ( -8a,934, '282.356, -7.210)

M.39 34b887 193.021) (1 90.0Q0, 0.0n0, _ 0.000)

-.20, 7,52.39 ?-2.776) (1.4. 8S8R . 29603 )

-3,057, 4.676, 19.9?.9) (90,000. 1200.o, 0.000)0 ... 20637, .10.310,-25.6234)-. QOqUno, 60.000,9 _0.ou(O)

.? 5201, _4.09?, 169671) ( Q (o~ooo 00000' - .0~0)
*11 (-70SS89 5,.169, 15 , 14) ( 2.461, 111.654,9 .00

14 ( 6.695, 4,2209-16,252) 1 __ '11.U469 241.967s 0.000)

16 -- 6,695, --4.22O. ".-1 A-2 b ?) ( 3'o.o0s. g0.oont. ,0.uou)
17 ( 6,*i40A 6,402, 4,760) (.101.10I1, -23.6919 14.716)

A1 (- .4qf6A8, _ 7*1b3, ___5,604) (112. 1?3.. 28.047,. -1.o106)
1 C -3.2729 1o5 b13, 1 .13 5 64.9116. 90.000, -14.2t57)
2n (. 306, 1.8,104 46.8b0, -90.00ot,-. 18#8c)2)
?1 m 3.2729 15,513, 1.735 C 10,000,4 90.0009 00OnQ)

. 2 2- 3 o066~ 9.-16 oOR19-.. le 0b4L.. C. 10.Q000,. 9090009 0,0o0)
71 C -.6769 21,951, 1.8-34) t 10.030, 137,82-1, 0.000)

- C .62,21 9 ti,1.S9)~( 36,.3069,1 92*91R9 0.000)
PIS .1.674. 19.4769 1.796) C -10,000. 90.000. 0.0000)
26 o 794, ..-19.667,p--, 550).C. (-1o.ujoo, go 90Ooq .00

?7 C-3.0509 -0.000, -1.630) ( l118.165S, 180,000, 0.000)
7~V 3. n 5n-. 0 .000,j 16 30) _118.16S n~o, -..n0 . 0.nu)
?Q C 3.f509 16,020, -1,*630) C90,0000, 90.000, -61 .8,45

.3n 3*05n, 16,020#. -1.630) 4 ~0 -u 0 0 90-0009 61-8bs)
3]1 -305nqn 16.020, -16,bl0) 490.0000 -9000009 0.0000)
3? 2 3,050p ..A.6,02og,_16,70L ..... - C9o.0iO -90 a0 0 n 0.0 0 )0)
33 1 -3no 16,020, -19.72n) C U0.1)0 9000000 O.Oo)

- C. 3.5Q~~6.00, 165 1 )A..0.Q000... 90090 .0o)

35 -3,050, 25.7809 -19.720) C90.000' 90,000, 0.000)
* 3 -C 3.00...02.. 1. b )L 0Q09O 0o 00000)
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PART 3

SUMMATICN OF TASK. I

JO INT ANO CENTROID DISPLACEmENTS

__TASK I)ISPLACEMENT CUMULATIVEj OISPLACEMtNT

CfNTHOID 1 ?65 __*265

JOTNIT 2 0529 .2
CENTIH~f2 59 P. 9

,)o I NT 3 ~ 4.315403*1
CENTi4O!O'--- - _~-.- --.... . 1 *907 .

JOINT 4 5 f1) 5 10i
CFNTHOjD 4.--, 4 664 .. 464

JO 7N T 5 5.0(59 5.059
CF, N T H 0 5__ 50029 .-- ,..502

JOTNT 6 9 -.3-- 9,308-

C F.N T HOOul C__ 2 .. 2 -.

JOINT 8- _ _ _ _ _ _ _ _ .. - . . . -..- 908-.--9 900

JO0iN.T9 5 .173 5 -.--- 173
C E Nj_± 0 D----9 _ ___ 0 0 0 0. ~.. 0 00

JOTIN'T 10 60,199 6.399

J041~T 11 4.436 . ~4,416

qET0QA=- .4.376ý-4.37

. J-OINT-123 - ------------ 1 S-- - - -. - - 4 19 b ~ .

J Ol. N - 3 54195.4i
CENT~QDI~ 49?3 4.923

D162-10127-1
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* tNTHn"T 4*0 4. 3()!.

JOINT 15 59419 5 1
CF'NTHOT'D 15 59419 ,4

CENTINT 16_ 4.417

JOI6- sii I . 6.6o1
cEFNT~ojD 17 5.940 5.940

.JO1.NT. 1 ------ 7.613 .- 7 6 3 .
CFNTHojD IS 59831 5.8331

JOINT R9 .. .026...- 8.026
cpýNT~fio 1 9 69879 6.879

JOINT P3 So..8.94 aa -. .89 4

CENTHOT'O P0 7.802 7,802

JOITNT ?1 .. ... A026-- t-026 _

cENTHOTO ?1 89026 8.0?6

J 01MTN-T 2 2 8894 A 9. 4.9
CENT~ojo ?2 A.894 8.894

CENTHOiD P3 . 8-924 8,5p4

JOINT-24 _____170---- 101170
CENTROiD 24 99315 9 -31 h

JOINT a5PS,. 9.723,~ 9.723._
CENTROio PS 0.000 0.000

JOINT ? __ . 1.8 .10.480 -.

CENTHNY"D 76 0.000 .0

JOI MT 27 .0'f0 0.00 0__
CENTHofD 27 0.000 0.000

JOINT P8 _--00-0.0000

CENT~rOTD1 ?a 0*000 09000
D162-10127-1
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JOTNT 29 0 _ o000OOo
CENT'~oin 90000.0000

JOINT ~0 0.0 __ 9_0000
CENT~flD 10 01000 0.0000

JOINT ~10. . 0 0.0 0 0.-
CENTHnoi)i . 0.000 9,0000

JOINIT ----- . 0. 000 ---- 0. o00.
C.ENTHOjD 32 0.000 0.0000-

JI NT- -3 3__.~oo.
CFNTNOj[D 13 0.0000 0.0000

-. JOINT-34 -.----- 00*- -0000,-

CENTHOiD 14 09000 0.000

JOTNT ~5 -- o .. .000 0 00
CENTHOifD A 0.000 0.000

JOINT 06 0 0.00.. ...-.-. 000
CENTHoit) 16 0.000 0.000

D162-01270
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PART 3

-.-- ~-.. . . SUMMATION OF TASK I

MASS, CENTROID, PRODUCIS, FOR EACH LIl.,K

MASS CENTROID 01SPLACEM.0T ýqopr CUMULATIVE WORK
(POUNDS) (INCHEO) (LB-IN) (LB-IN)

. LINK 1 . 9.340 65 2.471 .. 2.471

"L T.NK 2 0.000 !:29 06.100 0.000
S L I,'K 3 ?9. ?9.76 1.90 _ 5 55.8p1

LINK 4 0.000 4.664 0. (000 0.00
L INK ¶ 2.611 S,0U?9 13.1,33 13.133
LINK 6 9,106 7.154 65.13) 65.139. LTVJK 7 .... 0.000 .. . e- 12. 0.000 0. . 0Q.Oo
LTINK 0*.(00 9.627 0. 00 O.01)O
LINK 9 .o.000 0."00 0"100 0.Oun

* L I 10 1 0.0n0 0.000 00t00o 0.000
LTtK 11 ... o .0n0 . 4,J76 . 0.n 00 0.000

LINK 12 0.oon 4,255 0.00n 0.000
LTI1K 13 __ 3.H67 4.923 19. '35 19.075

SL T ;K 14 -. A67 4. -i$0 16.03c 16.6ib

"L" LINK 15 0.000 5,41Q 00.00
L0I 0K 16 000. 4.417 0.0)00 0.0OOSL T rj, 17 4.101 5 ,940 24.361 )4..3,
L LI NK I1 R .lnl 5.831 23.w1o5 23.915

LT i9 ..19 2.277 . 6.79 15-66? 15.662. LTK )0 2.?77 7. 60 7 1706417. I
LN 2 ... 0.00A ..1.. .-8,U26 0.000 0 . 0.00
LINJK ?? 0.n00 RA,94 0.U 00 0.0n0
LTNK ?3 ... 021 8,24 . 8,704 .... 8, 7 n4
L I NK P 4 1.07_1 9.-ils 9 .5 1 ? 9.512
L T oK Pi21 0.U00 0. 0.000 0.000
L I "lK - 1.ri1 0.000 0.0(n 0.000O LTNK P I 7.?1 . . 0.000 . 0.'00 o.0n0
LINK '> A.?81 0.000 0.,00 0.0 nU
LINK P .... 12.972----------. 0.U00. 0.000 ... 0.0n0
LINK "40 12.972 0.000 0.10- 0.000. LINK l1. . -- 5,926 0.. 0,000 0 0 .. 0. 0,0
L I K -- b.926 0.000 0.000 0.00o

LINK 33 ........... 2059 . .0.000 0.000 0.0n0. LINK 14 2.059 0.000 0.,100 0.000

LI(K 35 0.000 0.000 . 0.o0o ... 0.000
LINK -6 0.0)00 0.00 0.1 00 O.00o. SuIMM-Er TOTAL. 131,3828 ... . .127.2 93 ... .1. ... .
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PART 3

SUMMATION OF TASK

JOINT ANGULAX nEFL.ECTIONS (PSI)

TASK OEFLECTI0N (OEGkEES) CUMULATIVE DEFLFC1I0N (DE(REES)@

JOINT 1 0.000 0 *000
JflTNT ie 00000 0.000
.jntqT .3 in7*PO ý-7.*210
JI T N r 4 ~ 0.000 1 0000
JOIN f b A0000 0.0000
JnTNr 6 ?06,03 2.603
,10 NT t 0.000 0.u0 00
,JONT h'0.0 0.000
JITNT 9 0.,00n0 0.0u00
JnTNl .1 ()- 0.000 0.000
JnINT 11 o0, 00 0.000
.JOTNi le ~ 0.000 0.000
JONIi 13 0.000 0.000
JOINT 14 0.000 - .000
JOINT 1b 0.000 0.000
JOINT 16 - . . 000 0.000
JOINT it' Mlr.?P4 -ib.284

in I NiT lb 2P,$o4 2.0
JnTNT 19 .. . .- 14.2t-7-4.b

JOINT ?0 l~g)1.9
JOTNiT pi _ .o000.......... 0.000
Jo I hT 2?~ 0.000 0.000
J')T7NY 23 n10.000 .. . . . .0.000

JOINT ?4 O.000 0o1ooo
JoTIj~T ?b' 00000 . . . . . . . .0.000

JOTNT ?6 0 0 0 0 0.000
~.OnNT P1 - 0.000........ . - 0.0()0
J0TNI NT28 n 0.00o 0.000

JnTNT 30J -61,835 -61 .835
JOINT 31 . ...- 0.000 -.. . 0.000

JnTNT 3 ? 01000 0.000
JOTNT 3-3 .. .0~.- .. . . *
JOI'Nr 34 ----- 0 10010 0.000.

JOYNT. 35 0.000 -0.000

JOINT 36 0.000 0.000

HEA) DOF.FECTION 47.33A 47.338
EYE D.LEC1LIO~.~b2.09S -h2 0. . . . .. i098 a

D162-10127-1
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APPENDIX I

OVERIAY SUBROUTINES USED

CGE Pool!

INTRAN ANGLET., SETUP., ROT3,9 TR.ANSF_, DTPF., AFF., MA.B, K0I4PAR*

0REACHA PREiMML MNTNIJM RAND*, FUN1 + ., FUN2 + , 7FJN3 + F04N +

MAN1 RYTE, TASK, LINE, ROIT3, POSE., TRANSF., IDrPF, AFF.,

MlLY:NX, RAKE,9 SPRING (+FJN), SP¶T.WX (+DER),,

PiC (+PENF), ruXo (+PENFX),g PENLTYj TRAC, HBA.D., REPLCE,

CTERPI FTERP., R0Yý

INTERF INSECT., DET2., DET3., DET4

ISUMM c1fl~

5OUTGO None

*Sys temn Subroutine

+Fuction subroutine

(2vdt~h MATh, MA13T entry points

:cWith entry point R03F

40

* 95



APPENDIX II

BLOCK COMMON NAMES IN EACH OVERLAY

D162-10127-1
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APPENDIX II

OVER LAY BLOCK COMMON USED

CGE INTEEF, TASKS, LINKS, STDP0S, CONTRL,

OUJT, MAN, SUM, ITRANS, ROTATE, PROD,

POINTS, FCON, INDEX, TRANS, IP0C, BDRY,

PR0BLM, IN0UT, K0NTRL, CIRCLE

INTRAN INTERF, TASKS, LINKS, STDP0S, CONTEL,

OUT, SUM, ITRANS, ROTATE, PROD, POINTS,

FC0N, INDEX, TRANS, IP0C, BDRY, PROBLM,

IN0UT, K0NTRL, CIRCLE

F EACHA TASKS, LINKS, STDPOS, CONTRL, OUT, MAN

MAMi STDP0S, MAN, ITRANS, ROTATE, PROD,

POINTS, FCON, INDEX, TRANS, IP0C, BDRY,

A*

PR0BLM, IN0UT, KONTRL, CIRCLE, P0CTFA

W ER MINK ,EYE FUN1W KRAKE ,TRAP

MUZZLE ,INTER? FANG ,IC0MM , FTERP

INTERF INTERF, TASKS, bIJNKS, ':,TDPOS, CONTRL,

OUT, MA N

SUMM SUM, LINKS, STDP0S, OUT, TP0C

OUTGO I NTE F, TAS KS, LIN KS, STD POS, C0NTRL,

0 0~UT, MAN, SUM -.

0

0 4*Local to overlay

0

0 97



Appendix IiI

Variables In Block Common
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Appendix III

Block Common Variables Length

(Global Blocks5)

BDRY BL(h2,9 BU(42)., ACB(42) 126

ýTRCLE 1H3 9 PY, PIT 3

ý'OTZTRL YT1,KT2.KT3,KTUKT,pKT6,KT7IYT8,KT9,KT10, 60
K-11. ,K-j,2.,KT13 ,KT~i4,KT15,m16 , KT17 , KTl8,9
KF1'ih ,KT,-O ,KT2l (20).,KT22 (20)

FOON Cc01 (TO5) , SCON (15) 30

INDEX IPNqM,K0UNTKKOTUNT,IM 6

INOIUT FI r(15) , PTF(15) , srEps 31

1PIE NPL.,NV~i1T(36 ). PnES(4.,36)., 8300 ?PT(.3,6,.36).,NCO

TP0C IATB.,TCTJOINTTJIJ3N'IB,IALAL', 40
LB,I.J0TIN, ISFPRA (10) ,LBIILLA (1D)
IH(8)5TJr-'J

1TRANS IQ (42), IPAR(42) 84

KONTRL ISKIP,MAN_,TFO5ENSTEPSNMJ,NAXMA, 9
ICON,ýN'-ASBE KTJ,KV'

TINK NIJ,ýLINS (36) ,MASS(36) ,CNTLOC (36), 361
LVOC(3,36'),FCT(36),LN(36) ,OPCT(36),.
CPCT(36,)

MAN IREDEAF,X3,.Y3,Z3.,INFFROI4,SWITCH.,NSTEP 8.OUrT BIANK ,0SERV, IMDGCV, JTASK, TN, INi, 1N2., 9
IN3

POINTIS P(3,36),DP(3,42,36) 4644

PR0B12 CONST(100) 100

0PROD TP(3,3),DTP(3,3,42)sTIP(3,3) 810

DrIP(.3,3,2) ,ThNLT(36)

0 99



R40TATE T (3,3,36).41rT(3,99,36),9F(2.93), JM 1303

STDPOS S'rDFOS(3,.36) ,ANGLIM(6,.36)9,R(3,36) 756
RF(3,.36),tANGLE1(3,36).,ANGLE2(3,.36S

sum CTD(36) CTMD(36),CWMIIt36), 1146
CDJA (36S ,CDI,CDHD'

TASKS NTRHTPT(3,920),u-ITPr(3,.20),ETPr(3,20), 481
TDUR(20) ,m0LD(2o) ,TDES(7,20) ,RH0RT(3,2o),
LI0RT (3,.20).,

TRANS ERR '9FXPXN PK SCALEvX(27),tGX(27).g 91
PF(30) ,'GSXT-STERC

233108 =9928 10

D162-10127-1
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Block Comnmon Variables

(Local to MM~ Overlay)

EYE ALMW.(3)BETH(3), GIMM4(3), PEMpH, J.a0 ~BETHS

FANG H(30Y30)pA(30p30)$B(30p3O) 2700

FFEIPnP*l,XI(3o),XII (30), KiIIa 63

FUN A( 30), G( 30) 60

Icom' MjMN,IO,MM;M 4

DUMEP EP1.EP2.,SIG(30).,S(30).,R 63

KRAKE KCALL 1

0 MZZLE V(30),.P(30),GV(3o),Iftc(3o),wP(30,3o) 1050

0--M ~DRIGHT(3.,15 ).,LEn'(3,,15).,PT(20) 0

RXM1~ FV, PEN, KEACSv PK2.,FYjFZ., GSX, GSZ, LFTA,, 15
Z, '01'fwpAZAHA.,YHJ2EN, SIGY

TRAP Px(30:3o),PaX(3o)pXI1uMD(3o) 960

WDER GW(2T) 27

117108 5064 10

00



Appendix IV

Definition of Variables

S
S

S
S
S
S
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APPENDIX IV

1st1s ENCOUNTER

PROGRAM, COMMON
VARIABML TYPE DIMENSION SUBROUTINE BLOCK

ARRAY REAL. (100) CGE,

FROM IITEGER CGE, MAN

INF INTEGER CGE, MAN

*

IXX INTEGER CGE,

JTASK INTEGER CGE, OUT

NT INTEGER CGE, TASKS

PSEUD• REAL CGE,

SWITCH INTEGER CGE, MAN

ZATRIX REAL (3) CGE,

ANGLE1 REAL (3,36) ItUNi , STDP6S

ANGLIM REAL (6,36) INTRAN, STDPOS

BLANK REAL INTRAN, OUT

CIED REAL INTRAN, SUM

CDI REAL INTRAN, SUM

CDJA REAL (36) INTRAN, SUM

CNTL0C REAL (36) INTRAN., LINKS

Coemm REAL (24) INTAN.,

• Denotes Card or Tape



APPENDIX IV

R LOCAL
COMMON OR

BLOCK GLOBAL DEFINITION

L Storage array used in Subroutine POOL

FO 0 Program MANI called after INTERF
MAN G FROM = 1 Program MANI called after REACHA

MAN G INF = 1O Task is feasible

1 Task infeasible

L Used to read EOF to get abnormal exit with file and

OUT G Stores current task number

TASKS G Stores total number of tasks in task sequence

L References the Hollerith word "CGE"

MAN G Switch = 0 No visual interference, continue

ý1 Program MAN1 recalled

L Stores logical file names, used in Subroutine POOL

STDP.& G References Euler angle values at each joint of BOEM,

Anglel(I,J): I = TYPE of angle (@,f, YP) J 3 Joint

STDPOS G References lower and upper angles bounds on joint

ANGLIM(I,J): I = 2i Upper Bound

2i-1 Lower Bound

i = 1,2,3; = Type of angle (0,1, V) J = Joint Numb

OUT G Stores a 10 character blank word for the output ove

SUM G Stores the cumulative head deflection angle

SUM G Stores the cumulative eye deflection angles

SUM G Stores the cumulative joint twist angle for each jo

LINKS G Stores the relative centroid distance from a link e

for each link

L References a description of the evaluation run for

lay

* Denotes Card or Tape Input Variable



DEFINITION

Storage array used in Subroutine POOL

0O Program MAN1 called after INTERF
FROM = C1 Program MANI called after REACHA

,NF = 1O Task is feasible

i Task infeasible

Used to read E0F to get abnormal exit with file and core dumps

Stores current task number

Stores total number of tasks in task sequence

References the Hollerith word "CGE"

Switch = 0 No visual interference, continue

1i Program MANI recalled

Stores logical file names, used in Subroutine POOL

References Euler angle values at each joint of BOEMAN-I,

Anglel(I,J): I = TYPE of angle (?,f, /) J = Joint Number

References lower and upper angles bounds on joint
I

ANGLIM(IJ)-: I - Zi Upper Bound

21-1 Lower Bound

i = 1,2,3; = Type of angle V ) J = Joint Number

Stores a 10 character blank word for the output overlay

Stores the cumulative head deflection angle

Stores the cumulative eye deflection angles

Stores the cumulative joint twist angle for each joint

Stores the relative centroid distance from a link endpoint

for each link

References a description of the evaluation run for output over-

lay

D162-10127-1
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APPENDIX TV

COMST REAL (100) InumA, PRd3LLV

CTD rEan (36) INTRAN, sum

CTMD RFAL (36) IM'rMIA, Smm

CWORK P (36) IumR1, sum

DGCV REL MAI

DWJM REAL IIIERAN,.

DUMk*

ERC REA-L IIITRAN, TPA=

ET REAL (20) n .

ETT (AL3M20) InrRa, TAMM

IA Ifi¶ERIlRAN, POO

IB INTRAN, ZPOO

IC P ~GER INTRM, IP0w

IN m~EE IRTRANs U

* IYGE INTRAJ,

IPOSE * INEGERR NR KOUY4

ISKIP * M MINTaN, 
KOWW

IUBINTDER INTAJ, PO

*Denotes "Td o-r tat



APPEMDTX TV

ANp PR6IU G A set of weighting constants for penalty functi

Euler angles for objective function in MANI

ANj, SUM G Stores the cumulative displacement of each join

AN, SUM G Stores cumulative centroid displacement of each

AN, SUM G Stores cumulative work done for each link

AN, G =18- conversion factor for degrees and radian

AN, L Stores superfluous descriptions of retrieved da

AN, TRAM G Used in MANI; Allowed error in each equality coi

AN., TRAh G Used in MANI; Allowed minimization error for LY

AN, L Control code to be viewed by the eye midpoint fi

AN, TASn G Control point (corresponding to code) to be viei

eye midpoint,

ETPT(I,J): I = type of Euclidian coord (x,y,z)

AN, ' G = 24; Used in MANI; Index of right arm terminal

AN, ZMe G = 23; Used in MANl; Index of left arm terminal ji

AN, IPOO G = 7 ; Used in MANl; index of eye midpoint

AN, O G - 12; Contains intermediate output file no.

AN, O1 G Contains MAN1 error output option value (=l,Yes

AN, KO• G Used in MANIJ specifies whether BOEMAN's positiot

lated from input angles.

ANP G gosed in MII4; s-pecifies whether first position c

be bypassed.

AN•, G 1 10; Used in MAN1;number of links in spine -r

* Denotes .4 or tape input variable



A set of weighting constants for penalty function and preferred

Euler angles for objective function in MANI

Stores the cumulative displacement of each joint

Stores cumulative centroid displacement of each link

Stores cumulative work done for each link

= -; conversion factor for degrees and radians

Stores superfluous descriptions of retrieved data sets

Used in MANI; Allowed error in each equality constraint.

Used in MAN1; Allowed minimization error for LYNX

Control code to be viewed by the eye midpoint for each task

Control point (corresponding to code) to be viewed by the

eye midpoint,

ETPT(I,J): I = type of Euclidian coord (x,y,z) J = Task Number.

= 24; Used in MAN1; Index of right arm terminal joint

= 23; Used in MAN1; Index of left arm terminal joint

- 7 ; Used in MA;- index of eye midpoint

= 12; Contains intermediate output file no.

Contains MAN1 error output option value (=l,Yes)

Used in MANI; specifies whether BOEMAN's position is to be calcii-

lated from input angles.

Used in M1111; specifies whether first position optimizat.ion is to

be bypassed.

1 10; Used in NANl;number of links in spine - right arm system

D162-10127-1
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APPENTDEX TV

KOM IN~TEGER ITA,

M ITEGER INTRA1N, C01WRL

KTL2 fINTEGER~ IINrRAN, CONTIUL

K3INlTEGER NTRN, CONTRL

*T INiTEGER NRN CTL

KT6 INTEGER INTRAN., CONTRL

KT7 INTE~GER I1ITRAIN, CONTRL

INTEGE INTRAJI, CNTRL

KT9* INTEGER INTRAIj, CoNTR

KT1O INTEGER INTRAN,, COrnL

JK'1J INTEGER VlTRAN, COIBTRL

KT12 INTEGER INTRANT, C$FI'PL

KT12 INTEGER IMTRAN., CommR

KTr13 INTEGER INTRAN, ComrR

*T1 INTEGER INTRAI., COMfML

KT6INTEGER INTRAN, CommRI

KT17 INTEGER INTRAN, COMMTR
*Denoytes



APPENDIX PT

(0 Task control code matches dictionai
INTRAN, L = l1 No match (output variable from subi

INTRAN, CONTRL G = S0 Input data to be printed out

1 Input data not to be printed

INTRANý CONRL G = 10 Do not print link dimensions

1 Print out link dimensions (Outgo)

INTRAN G = 10 Do not print task information
Li Print task information (Outgo)

INTRANr, CONTRL G = (0 Do not print standard angular posil

I Print standard angular position (c

IMA, CommRL G = [O Do not print joint angle limits

I Print joint angle limits (C

INRAN, CONT G = J0 Do not print cockpit geometry or cc

1 Print cockpit geometry and codes

INTRAN, CONTRL G =10 Standard link survey used

1 Non-standard link survey used

D"RA, COTL G = 10 Do not print standard position joir

1I Print standard position joint coort

INTRAN, COMTML G =(0 Do not print (SRP) control locatior

Li print (SRP) control locations

IMTRAN, COITRL G = 10 Extended hand position tested

1i Clenched hand position tested

INTRAN,, Comm G = 0 Task initially feasible

Li Task redefined

INTRAN., COTRL G = 0 Do not print reach analysis output

VI Print reach analysis output

IMTMAN CORL G Not used currently

IrNRAN, C$TRL G = 10 No visual interference

1 Visual interference exists

, CTRL G = O Determine new position correspondir
INTRAN, NiLG

1 Do not calculate new position

ITRAN, CommRL G = 10 No physical interference

I1 Physical interference exists

INTRAN, COmTRL G

*Denotes card or tape input variable



0 Task control code matches dictionary entry

I No match (output variable from subroutine KOMPAR)

(0 Input data to be printed out

Input data not to be printed

=0 Do not print link dimensions

Print out link dimensions (Outgo)

= (0 Do not print task information
1i Print task information (Outgo)

Do not print standard angular position

I Print standard angular position (outgo)

1 0 Do not print joint angle limits

i Print joint angle limits (outgo)

= Do not print cockpit geometry or codes

1 Print cockpit geometry and codes (outgo)

1 0 Standard link survey used

1 Non-standard link survey used (outgo)

=0 Do not print standard position joint coordinates

11 Print standard position joint coordinates (outgo)

=0 Do not print (SRP) control locations

print (SRP) control locations (outgo)

= 10 Extended hand position tested

1 Clenched hand position tested (reacha)

=0 Task initially feasible

=i Task redefined (reacha)

(0 Donot print reach analysis output

Print reach analysis output (outgo)

Not used currently

=0 No visual interference

1 Visual interference exists

O Determine new position corresponding to new line of sight

Do not calculate new position

= •0 No physical interference

11 Physical interference exists

e input variable 0162-10127-1
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APPENDIX IV

KT18 INTEGER INTRAN, CONTRL

KT19 INTEGER INTRAN, CNITRL

KT20 INTEGER INTRAN, CONTRL

LA INTEGER IETRAN, IPOC

LB INTEGER INTRAN, IPOC
.

LHORT REAL (3,20) INTRANr, TASKS

UITC REAL (20) nTRAN,

LHTPT REAL (3,20) INTRANI, TASKS

LINKS REAL (36) INTRAN, ImK

PE41 (36) INTRAN,

LU INTEGER (36) InT , LINKS

LSTD REAL (36) INTRAN,

LrfY REAL INTRAN,

IFUZ REAL INTRAN,

LV$C INTEGER (3,36) INTRAN, LINKS

MAN INTEGER INTRAN, KONTRL

MASS REAL (36) INTRAN, LINKS

MCPCT REAL (36) INTRAN, LIMKS

MMEAN REAL (36) INTAN.,

MSTD REAL (36) INTRAN,

* Denotes carc



APPENDIX IV

C01rRL G Not Used currently

CmNTRL G Not Used Currently

go CONTRL G Not Used Currently

E, IPOC G = 13; Used in MANl;total nmi•er of sailes iunýOsi

IPOC G = 22; Used in MAN;IIA + nube co angles in 'left

, TASKS G Task defined left hand orieftat-lan egi1es LHORT(:

J = TY1E of angle. (,, ,@))T= iaxk •e.

N, L Task defined control code for Meftt aiia,,,eadh tasl

N, TASKS G Control point for left hand, e task TM. (4I0,

I = coordinates (x,y,z) J = tas mtmgTer.

N, LIMKS G Stores BOEMANS link length-soarii Ii&M

N, L Contains link length means, n t•n'k

N, LINKS G Contains link numbers, eac& Arnk

N, L Contains link length standue d tmns., each s h

N, L Contains differences in y reardnalte of seat -mid

reference points

NJ, L Contains difference in z cudlmate of seat ,ar,

reference points

N, LINKS G Contains 28 character link rme eadl link

I = 1,3;10 characters each; J = T1tJk mo.

.KNTRL G 0 If no output from MA s U deszed

1 otherwise

L, LINKS G Stores BOEMANS link mass, ewnh 31k

LN., LIMKS G References B distance of m Imra from -proxima:

N, L Contains means of link masr per 11ik

IN, L Contains link mass standar• d• mat1ions-, per link

* Denotes card or tape input variable



.ed currently

;ed Currently

sed Currently

Used in MANl; total mm~er (f .angles -in spine a mt Ad arm

Used in MANIjIA + nunlmex (o emgles In left arm

lefined left hand oriatst-iNm ea~gMes IiHORTt1IJ..;

nT of angle. J --

defined control code far -left 1hdeach task

ol point for left hand, oak task I=T P(I3jO)

oordinates (x,y, z) J = 1ta mmbher.

s BOEMANS link lengthaear3ha "k

ins link length means, en& lInk

ins link numbers, each M.ink

ins link length standwd msais, eah link

ins differences in y ne dribe af -seat -nd eye

ence points

ins difference in z cmdnte . f seat and eye

ence points

ins 28 character link mmmie, eack L--nk

,3;1O characters each; J = lAhnik mo.

If no output from MAm fs tLrev

otherwise

s BOEMANS link mass, e&an k

,ences distance of eMetromid from Troximal end

ins means of link mass , r p IMtk

.ins link mass standard d- tions, per link

3 D162-10127-1
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APPENDIX IV

NAF INTEGER INTRAN,

NCC INTEGER INTRAN, INTERF

NCF INTEGER INTRAN,

NL INTEGER INTRAN, LINKS

NLF INTEGER INTRAN,

NMJ INTEGER INTRAN, KONTRL

NNF INTEGER INTRAN,
NF* INTEGER INTRAN,

NPCT INTEGER INTRAN,

NPF INTEGER INTRAN,

NPL INTEGER INTRAN, INTERF

NSF INTEGER INTRAN,

NSTEPS INTEGER INTRAN,, KONTRL
NT INTEGER INTRAN, TASKS

NTF INTEGER INTRAN,

NUB INTEGER INTRAN, IPOC

*VET INGE (36) INA, INTER

NVT INTEGER INTRAN,

OPCT LEAL (36) INTRAN, LINKS

*

OSERV REAL INTRAN,

P REAL (I3,36) INTRAN, POINTS

PCT EL (36) INTRAN, LISKS

PDES REAL (4p36) INTiN, INTERF

P REAL (3)6,36) INTRAN, INTERF

S* Denotes car-



A PPENDIX IV

IAN, L = 11; File Number for joint angular limits date

3AN, INTERF G Number of control codes

3AN, L = 11; File Number for control code data

3AN, LINKS G Number of links of FOEMAN-I

RAN, L - 11 File Number for link data

RAN, KONTRL G Number of moveable joints

RAN, L = 11 File Number for normal table distribution

RAN, L = 11 Not currently used

RAN, L References each link percentile PCT (I)

RAN, L = 11 File Number for cockpit planes data

RAN, INTERF G Number of cockpit planes

RAN, L = 11 File Number for standard position data

RAN, KONTRL G Size of each step in a task

RAN, TASKS G Number of tasks

?AN, L = 11 File Number for task data

TRAN, IPGc G Number of joints in the spine head system

RAN, INTERF G Number of vertices of each cockpit planes

IRAN, L Number of vertices of a cockpit plane

.ANN, LINKS G Percentiles for non-standard survey

.RAN, L Non-standard survey name (up to 10 characters)

MRAN, POINTS G Joint position array in Euclidean coordinates

MAN, LINKS G Percentile values per link P(I,J), I=1,3 (x,y,o

J = 1, No. of joints

CRAN, INTERF G 40 character cockpit plane identifiers

""AN) INTERF G Cockpit plane vertex coordinates PPT(I,J,K) Jx

J=l, no. vertices, K=l, no. of planes

* Denotes card or tape input variable



7i2...

11; File Number for joint angular limits date

Number of control codes

= 11; File Number for control code data

Number of links of BOEMAN-I

11 File Number for link data

Number of moveable joints

= 11 File Number for normal table distribution

= 11 Not currently used

References each link percentile PCT (I)

= 11 File Number for cockpit planes data

Number of cockpit planes

= 11 File Number for standard position data

Size of each step in a task

Number of tasks

11 File Number for task data

Number of joints in the spine head system

Number of vertices of each cockpit planes

Number of vertices of a cockpit plane

Percentiles for non-standard Murvey

Non-standard survey name (up to 10 characters)

Joint position array in Euclidean coordinates

Percentile values per link S(I,J), 1=l,3 (x,y,z)

J = 1, No. of joints

40 character cockpit plane identifiers

Cockpit plane vertex coordinates PPT(I,J,K) J=l,3 (x,y,z)

J=l, no. vertices, K=l, no. of planes

)le 3 D162-10127-1
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APPENDIX IV

Q REAL INTRANI,

R REAL (3,36) INTRAN, STDPOS

RF REAL (3,36) INTRAN, STDPOS

RHORT REAL (3,20) INTRAN, TASKS

RHTC REAL (50) INTRAN,

RHTPT RL (3,20) INTRAN, TASKS

SCALE REAL INTRAN, TRAMS

SP MA (3) rmfAm,
STD* REAL (006) INMAN., sTDPs
TASKN•* INTEER (50) INTRAN,,
TCLs C REAL (3,91) INTRAN,

TCVOC REAL (91) INTRAN,

TIDES REAL (7, 20) INRAN, TASKS

TDER REAL (20) IgTRAN, TASKS

THLD REAL (20) INTAN, TASKS

U REAL (51) INrRANi,

* Denotes card o



APPENDIX IV

:NTRAN1, L Denotes the normal deviate value correspondi

link percentile

:NTRAN., STDPOS G Initial Joint position array in Euclidean cc

(same as P)

:NTRAN, STDPOS G Final position array &t end of task in Eucli

,NTRANI, TASKS G Task defined right hand orientation angles

RHHRT(I,J) I=type of angle (0, f, C,); J=tas

ENTRANI, L Task defined control code for right hand, es

ENTRANI, TASKS G Control location for right hand, each task

RHTPr(I,J) I-coordinates (x,y,z) J=task numl

[NTRAN, TRANS G Penalty coefficient scale factor

ENTRAN, L Lumbar Joint coordinates with respect to eye

NTRAN, STD13pS G Standard angular position, each Joint

INTRAN, L Task number of task sequence

INTRAN, L Task defined control locations

TCLOC(I,J) I=(x,y,z) coordinates, J=task nun

INTRAN, L 10 character cockpit control codes

INTRAN, TASKS G 70 character task description, each task

INTRAN, TASKS G Task duration in seconds, 6ach task

INTRANl, TASKS G Task hold time in seconds, each task

INTRAN, L Normal deviate values (positive half of table

* Denotes card or tape input variable



!notes the normal deviate value corresponding to the

Ink percentile

Aitial joint position array in Euclidean coordinates

3ame as P)

Lnal position array at end of task in Euclidean coordinates

isk defined right hand orientation angles

IORT(I,J) I=type of angle (G, ', t,); J=task number

isk defined control code for right hand, each task

ntrol location for right~hand, each task

ITPT(I,J) I=coordinates (x,y,z) J=task number

tnalty coefficient scale factor

mbar joint coordinates with respect to eye reference point

andard angular position, each joint

Lsk number of task sequence

Lsk defined control locations

!L*C(I,J) I=(x,y,z) coordinates, J=task number

) character cockpit control codes

) character task description, each task

tsk duration in seconds, each task

sk' hold time in seconds, each task

)rmal deviate values (ositive half of table)

3

D162-10127-1
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Appendix V

Storage and Retrieval

Program and Subroutine

Descriptioens

0
0
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Appendix V

Storage and Retrieval Subroutines

Program CAPSIS Program RAPSIS

Subroutines Subroutines0

Used: Used:

INrTWO1  NVTMTY

SAVTBS ISTSTS

LSTSTS DIPST

DFST SVTBS

SV'TBS IORC

IORC O

TOC KMPVIM

KMPVLW KWDS

KWDS RIECTT20
RECIYT2 MOWRK

WWORK 0VT
NVNTR GTST

GTST DP01JT

DPOWT DPIN

DPIN TOXIC

TOXIC

D162-10127-1
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Program CAPSIS

Program CAPSIS is the creation section of the Storage and Retrieval program.

The data pool tape is created by first reading a card specifying the number

of data sets to be read from the input file, Refer to the usage section

(4.1) for the data set formats for various types of data. Each data set

read is delimited by two cards. The first specifies the set name, and the

second, specifies the end of the data. The data pool tape is created on

SUBROCTINES CALLED are: INITMF, SAVTBS, NVNTRY, LSTSTS

Figure 10 shows the Program CAPSIS flow diagram.0
0
0
0

0
0
0

S~D162-10127-1
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0

PROGRAM0
CAPSIS

INITIALIZE
PROGRAM
PARAMETERS

READ ''NDS"
NUMBER OF
DATA SETS

INITIALIZE
M DATA POOL

CALL INITMF TAPE
, (BPOOL)

DO K- 1, NDS

PROCESS
AND

CALL SAVTBS STORE DATA
SETS FROMDINPUT FILE/

CONTINUE I

(CA NVTRY) /DATA POOL.

CLL NVR TAPE ON h
\OUTPUT 00

FLoST DATAm•_ /IN DATA\
CALL LSTSTS --- SETS ON •

<n 0
(CALL EXIT)

Figure 10. Program CAPSIS-Flow Diagram

D1C62-101271
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Prograwn RAPSIS

Program RAPSIS is the retrieval section of the Storage and Retrieval

program. Data sets are retrieved from the data pool tape by reading a

card specifying the total number of sets to be retrieved and then read-

ing a card specifying the data set name for each set requested. The

data pool tape must be mounted on file BPO0L and the output tape on which

the retrieved data are stored is on file WORK. The order of the sets

retrieved is established by the order in which the data set names were

read.

SUBROUTINES CALLED are: GETSET, NVNTRY, and LSTSTS.

Firure 31 shows the Program RAPSIS flow diagram.

0n

0

0

0

0

0
0D6-02-

01



PROGRAM
RAP SIS

INITIALIZE
PROGRAM
PARAMETERSO

READ "NDS"
TOTAL NO. OF

RETRIEVE

DO K 1, NDS

SET NAME
FROM INPUT
FILE

/RETRIEVE
"DATA SET

CALL GETSET -- - AND CREATE
''WORK"

CON ) iNUE 

IN E T R(CALL• NVTRY DANVENTORYL
----- DTA PEO

NV \ TAPE (BPOOL)/O

Fr ./LIST DATAm

Jr \~RETRIEVED/

CLOSE "WORK"
FILE (WRITE
END OF FILE)

( CA XIT

Figure 11. Program RAPSIS-Flow DiagramO

D162-10127-112
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Subroutine INIT1M'

Subroutine INITNF is called to initialize parameter when creating a data

pool tape.

No Subroutines are called.

Subroutine DEFSBI

This subroutine is not used in the present program configuration, but may-

be utilized in later development of storage and retrieval.

Subroutines Called are: DPIN., TOC, UFSTr, TOC0$C, and DPAJT.

Subroutine REMSET

This subroutine is not used in the present program configurationj, but

maybe utilized in later development of a more sophistitated Storage and

Retrieval system.

Subroutine Called are: DPIN,. T0C, RMST,9 TOC~0C, and DP9SU.

Subroutine ]D"ST

This subroutine is not used in the present program.

The subroutine called is: IORC.

Subroutine RMST

This subroutine is not used in the present program.

The subroutine called is: IORC.

Subroutine GETSE'T

Subroutine GETSETI controls the retrieval processing of specified data sets

to the user file WORK. That is., the contexts of the data set specified is

retrieved from File BPO0L and restored on user file WORK.

Subroutine C~lled are: GTST., DPINI T~XIC, and DPO7I'

0

121

0



Subroutine GTST

Subroutine GTST is called from GETSET and performs the retrieval of

particular data sets. After the set name has been read, GTST searches

a table of data set names and retrieves the set from the pool. It is

then written on the user W1RK file.

Subroutine Called are: KMPVLW, and KWDS.

Subroutine SVTBS

Subroutine SVTBS is called from program SAVTBS and performs the addition

of data sets to the data pool tape. The data set cards are read, the

names processed, and the data is written onto tape. The program checks

all input set names for uniqueness.

Subroutine Called are: NFWWRK, DFST, and TOC.

Subroutine SAVTBS

Subroutine SAVTBS control the addition of the data sets to the data pool.

Subroutine Called are: DPIN, SVTBS, and DPT

Subroutine REMTAB

This subroutine is not used in present program configuration.

Subroutine Called are: INITMF, DPIN, RECOJT, T0C, RMST, MFWORK, SVTBS,

and DPOUT

Subroutine IORC

Subroutine I0RC is called from DPST.

D162-10127-1
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Subroutine NVNTRY

Subroutine NVNTRY provides an inventory of the data pool tape,, listing

all the set namies, their location and length on the tape. This is

written on the output file for later printing.

Subroutines called are: DTN, TOXIC, 15M0RK, and DPOUT.

Suroutine ISTSTS

Subroutine LSTSTS provides a listing of the data contained in all the data

sets stored on the data pool tape, This is written on the output file

for later printing.

0 ~Subroutines called are: DPIN, DPOUT, TOXIC, GTST, and MFWOiRK.

Subroutine M'W&K

This subroutine is called from SVTBS for adding data sets, called from

NVNTRY to obtain a file surmmary, and also from LSTSTS for fhul list of

data.

0
0

0
0
0
0

0D162u10127-1

0123

0altestnms hi oain n egho h ae hsi



(System) subroutines KOMSTR, STRMoV

Two subroutines used by Storage and Retrieval programs are machine

oriented so that equivalent subroutines must be written on what ever

machine is used.

These routines are:

1. K0MSTR - Function compares two strings of characters

I = KOMSTR (Sl,K1,NjS2,K2)

I -1 String 1 String 2

S1, S2 - Arrays containing strings to compare 0
Kl, K2 - Integer stating location in S1, S2 of

ist character to compare

N - Number of characters.

2. STRMOV Moves a string of characters from one array to another.

Call STRMOV (Sl,C1,N,NS2,C2)

S1 - Array to be moved

S2 - Receiving array

C1 - Integer specifying position of first character

to be moved relative to first position of array

N - Number of characters to be moved

C2 - Integer specifying position of ist character

in S2 which is to receive characters from S1

0
0

D162-10127-1 0
124



APPENDIX VT

CGE PROGRAM AND SUBROUTINE DESCRIPTIONS

D162-10127-1
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SUBROUTINE POOL (A,B,C)

Program CGE calls a system routine providing for file sharing in the buffer.

The calling sequence is CALL POOL (A,B,C) where:

A = An array consisting of logical file names (of size "B")

(Input)

B = Number of binary files to be shared in the buffer minus one

(Input)

C = A local storage array for the subroutine (of size 100)

A more detailed description of the system routine POOL may be found in

References (1) and (2).

0

0
0
0

D162-10127-1
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PR~OGR~AM INTRAN

This program stores all input necessary for the evaluation

whether it be user specified data on punched cards or

Lknthropometric or Cockpit data on magnetic tape. In each

-ýase, data is read into memory from the card reader and

the retrieval tape. These data are written on an interme-

diate output file after being transformed. All of these

files are declared in the main overlay (PROGRAM OGE).

The program calls both a system routine and subroutine ANGLET

(see below) which calls the remainder of the subroutines

of this program.

SUBROUTINE ANGLET

The purpose of SUBROUTINE ANGLET is to calculate the

initial joint locations of BOEMAN-I in the standard

angular position, to initialize the palm locations and

orientations, to store sine and cosines of fixed angles

of joints, and to initialize the variable angles and the

associated rotation matrices

Input variables required by ANGLET include:

N*NL = number of links

(TRNSLT(I)) = LTNKS(I) = link lengths, I1 1, NL

(ANG(I,J)) = ANGLTM(I,J) = angular limit on angle I,

1 1, 3, 5 (Minimum 9, %0e, T )
=2, 4, 6 at joint J, J =1, NL

(maximum 0, T'41'j)

*Near the end of the routine, N is reset to the number
of v ar iab l e an gle s . D 6 -0 2 -
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(SPOS(I,J)) = STDPOS(I,J) = angular value for
(I = 1, 3) at joint J, J=l, NL

Output variables calculated by ANGLET include

ISPRA(I) = array of joint numbers for right
arm and spine systems

ILA(1) = array of joint numbers for left
arm system

IH(1) = array of joint numbers for head
system

IRL(I) = array of Joint numbers for right
leg system

ILL(I) = array of joint numbers for left
leg system

WR(I) = variable joint angle initial values
(in radians) I = 1, KI (number of
variable angles)

CR(1) = constant angles of joints I = 1,
K2 (number of constant angles)

SCON(I) = sin (CR(I))

CCON(I) = cos (CR(I))

P(IJ) = R(IJ) = initial joint locations I = 1,3
(coordinate x, y, z) J = joint
number

N = number of variable joint angles

X(I) = initial values of variable joint
angles, I = 1, N (used in MANI)

PTI(J) = initial palm position (J = 1, 3),
(J = 7, 9) and orientation
(J = 4, 6), (J = 10, 12) right
and left hands respectively and
eye viewing point (J = 13, 15)

D162-10127-1
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This subroutine (ANGIET) calls subroutines SETUP and TRANSF each time a

link system is to be referenced. A Joint angle designation table, given

below, describes each of the link systems, their numbering system, and

whether each angle of any joint is a variable or a constant.

SUBROUTINE SETUP

The basic function of subroutine SETUP is to sort the ANGLIM(I,J)(=ANG(IJ))

array into three categories

(1) a variable angle in a joint ( e, ., or )

(2) a constant angle in a joint having at least one

other variable angle

(3) a constant angle in a joint having all constant angles

ANGLIM(I,J) gives the lower and upper bounds of each angle in each joint.

0 If an angle is constant, both of these bounds have the same value.

0
0
0
0
0
0

D162-10127-1
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JOINT ANGLE DESIGNATION TABLE

SPINE SYSTEM

JOINT NO.! JOINT NAME/ VARIABLE CONSTANT FIXED
LINK NO. LINK NAME ANGLE NO. ANGLES ANGLES

1 LUMBAR 1 (THETA) 1 (PHI)
2 (PSI)

2 DUMMY 1 (THETA)
THORACIC 2 (PHI)

3 (PSI)

3 THORACIC 2 (THETA) -

3 (PHI)
4 (Psi)

HEAD SYSTEM

4 VERTICAL 25 (THETA)
NECK 26 (PHI)

27 (PSI)

5 HORIZONTAL 28 (THETA)
NECK 29 (PHI)

30 (PSI)

6 VERTICAL 23 (THETA) __
24 (PHI)
25 (PSI)

7 HORIZONTAL 31 (THETA)
HEAD 32 (PHI)

33 (PSI)

8 EYE MIDPOINT 26 (THETA) 11 (PSI) --

VECTOR 27 (PHI)

9 HEAD-LEFT EYE 31 (THET4
32 (PHI)
33 (PSI)

10 HEAD-RIGHT EYE 31 (THETA)

32 (PHI) ,
33 (PSI) S

D162-10127-1
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RIGHT ARM SYSTEM

JOINT NO.! JOINT NAME VARIABLE CONSTANT FIXED
LINK NO. LINK NAME ANGLE NO. ANGLES ANGLES

12 INTERCLAVICULAR -- 4 (THETA)

5 (PHI)
6 (psi)

114 CLAVICLE 5 (THETA) 3 (PSI)
6 (PHI)

16 DUMMY 7 (THETA)
SHOULDER 8 (PHI)

9 (PsI)

0 18 HUMERAL 7 (THETA)
8 (PHI)
9 (PSI)

20 RADIAL 10 (THETA) 4 (PHI)
11 (PSI)

22 DUMMY 10 (THETA)
WRIST 11 (PHI)

* 12 (PSI)

24 PALM 12 (THETA) 5 (PSI)
(HAND 13 (PHI)
EXTENDED)

26 PALM 12 (THETA) 6 (psi)
(HAND 13 (PHI)
CLENCHED)

D162-10127-1
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LEFT ARM SYSTEM

JOINT NO.! JOINT NAME/ VARIABLE CONSTANT FIXED
LINK NO. LINK NAME ANGLE'NO. ANGLES ANGLES

11 INTERCLAVICULAR -- 13 (THETA)
14 (PHI)

15 (Psi)

13 CLAVICLE 14 (THETA) 7 (PSI) 16 (THETA)

15 (PHI) 17 (PHI)
18 (PsI)

15 DUMMY 19 (THETA)
SHOULDER 20 (PHI)

21 (PsI)

17 HUMERAL 16 (THETA)

17 (PHI)
18 (Psi)

19 RADIAL 19 (THETA) 8 (PHI)
20 (PSI)

21 DUMMY 22 (THETA)
WRIST 23 (PHI)

24 (psi)

23 EAND 21 (THETA) 9 (PsI)
(HAND 22 (PHI)
EXTENDED)

25 HAND 21 (THETA) 10 (PSI)
(HAND 22 (PHI)
CLENCHED) 0

0
0
0
0

D162-10127-1 0
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RIGHT LEG SYSTEM

JOINT NO.! JOI1T NAME/ VARIABLE CONSTANT FIXED
LINK NO. LINK NAME ANGLE NO. ANGLES ANGLES

28 PELVIC LATERAL -- 34 (THETA)
35 (PHI)
36 (PSI)

30 FEMORAL 28 (THETA)
29 (PHI)
30 (rTSI)

32 TIBIAL 31 (THETA) 12 (PHI)
32 (PsT)

34 FOOT 33 (THETA) 13 (PSI)
34 (PHI)

36 HEEL-TO]: 37 (THETA)

38 (PHI)
39 (PSI)

LEFT LEG SYSTEM

0 27 PELVIC LATERAL -- 40 (THETA)
41 (PHI)
42 (PSI)

29 FEMOFAL 35 (THETA)
36 (PHI)
37 (PSI)

31 TIBIAL 38 (THETA) 14 (Pli)
39 (PSI)

33 FOOT 40 (THETA) 15 (PSI)
S41 (PHI)

35 HEEL-TOE 43 (THETA)

44 (PHI)
45 (FSI)
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In addition, these bounds are stored more. compactly i.n

bound arrays Cupper and lower) and the angle numbers

and joint numbers for variable angles are initialized in

separate arrays.

The calling sequence for SETUP is

(J, IND, TEMP, ANG, SPOS, W, IQ, IPAR, KI, K2, K3, C, FL,

FLR, FLRI, F, DR, II) where

J = joint number in a link system (input)

IND(I) = a control array used to differentiate between

fixed angles in variable joints,; I = 1, 2, 3

Coutput)

TEMPCI) = temporary storage array for two joint angular

values (output)

ANG(CI,J) = lower and upper bounds of all joint angles (input)

SPOS(.I,J) = standard angular values for all joints (input) 0
W(I)= variable angle values used in MANI calculations

I = 1, Ki (output)

IQ(I) = array preserving the place in a joint number

sequence to which variable angle I belongs

I = 1, Kl (output) 0
IPAR(I) = array preserving the kind of angle (•, ', or /))

to which variable angle I belongs (I = 1, Kl)

(output)

0
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Ki = number of variable angles C.output)

K2 = number of constant angles in variable joints (.outputj

K3 = number of constant angles in fixed joints (output)

C(I) = constant angle value array (I = 1, K2) (output)

FLR(T) = FL(I) = constant angle value array (I = 1, K3)

(output)

FLRI(I) = difference of two constant angles in a joint

I = 1, K3 (output)

F(I,J) = matrix of constant trigonometric functions of

angles used for calculation in TRANSF I = 1, 2S~J = 1, 3, (output)

DR = 1.0 constant (input)

II = position number in a link system (input)

SETUP calls ROT3 to calculate the value of the rotation

matrix F.

SUBROUTINE ROT3

This subroutine initializes a rotation matrix T (see

Section 2.4 of Math Model Document) used later in MAN1

overlay. For general use of this subroutinesee page

in the MAN1 subroutine section.

The calling sequence for ROT3 is CALL ROT3(J) where

J = joint number in a link system (input): in addition

the variables JDER and F, transmitted through COMMON/

ROTATE/, must be preset. F(I,J) is the matrix of trigono-

metric functions of the constant anglesgiven above,

and JDER = 4 allows for the calculation of rotation matrix T.
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Output from this routine is the rotation imtrix

T(I,fI,12) of angles in a joint (I 1, 3; Ii 1, 3; 12 joint number,

K = 1, NL).
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SUBROUTINE TRANSF

This subroutine is used to calculate a sequence of joint locations for a

link system, given the link lengths, corresponding rotation matrices,

and an initial joint location (either the lumbar joint or top of spine

point).

Subroutine TRANSF is used predominantly in the MANI overlay for joint

position calculation and evaluation of joint derivatives with respect

to the Euler angles. A description for derivative calculation is given

in the MANI subroutine section.

The calling sequence for TRANSF is

CALL TRANSF (V, IT, LB, LUB, K, L, MNA, MNP, LJOIN, JAWOS, IDER) where

V(I) = variable joint angle array = WR(I), (input)

I = 1, Kl (number of variable angles)

IT(I) = array of joint numbers for a specified link system

(i.e., ISPRA, ILA, IH, ILL, IRL) (input) I = 1, 10 maximum

LB = lower bound on the subscript I of IT(I) (input)

LUB = upper bound on the subscript I of IT(I) (input)

K = integer denoting the first constant angle of a variable

joint (C, SCON, CCON) that the subroutine encounters in

a link system.

L = integer denoting the first variable angle (of IQ array)

that the subroutine encounters in a link system (input)

SMNA = maximum number of angles BOEMAN-T (input)

MNP - maximum number of points (joints) of BOEMAN-T (input)

0D162-10127-1
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LJOIN = number of Euler angles in the spine that are variable in V(I)

(input) 0
JABOS = denotes the joint succeeding the initial reference joint

number (top or bottom of spine) upon which link system

calculations are based (input)

IDER = control variable determining whether or not joint derivatives

are to be calculated

IDER 0 no derivatives (input)
1 calculate derivatives t

Additional input required by this routine, transmitted via block common

includes:

IQ(I), IPAR(I) arrays referencing joint and angle number subscripts,

T(I, Il, 12), the joint rotation matrix (12 - 1, NL; I = l, 3, Il = 1,

3) F(IJ), (I = 1, 2; J = 1, 3), the array of trigonometric functions of

the Euler angles defining T, TIP (I,J) (I = 1, 3; J = 1, 3) references

the transformation matrix at the initial joint of the sequence (bottom or

top of the spine), TRNSLT(I), (I = 1, NL) the lengths of the 36 links,

CCON (I), SCON(I), the sines and cosines of the constant angles in rota-

tions T having at least one variable Euler angle V(J).

JDER, the control variable for subroutine ROT3, TP(I, J) (I = 1, 3; J =

1, 3), the current transformation matrix at a joint, and P(I, J) (I = 1,

3; J = 1, NL), the joint location array in (x, y, z) coordinates are

direct output.

TP(I,J) stores the current value of the product of rotation matrices T

wehen tracing a sequential link system such as ISPRA.

D162-10127-1
138



SUBROUTINE MAB

This subroutine performs the matrix multiplication C = AB

where A is L x M, B is M x N.

It has two entry points MATB and MABT where one calculates

C = A TB and C = AB Trespectively.

The calling sequence for MAB is

CALL MAB (A, B, C, L, M, N, NRA, NRB, NRC)

A = matrix to be premultiplied, (L x M), (.input).

B = matrix to be po~t multiplied, (M x N), (Input)

C = resultant matrix, (L x N), (output)

L = number of rows of A, Input)

M =number of columns of A and rows of B, (input)

N = number of columns of B, (input)

NRA = number of rows of A, (input)

NRB =number of rows of B, (input)

NRC = number of rows of C, (input)

0
0
0

0
0
0
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SUBROUTINE AFF

This subroutine finds the first derivative of the position

vector P(J, IT(I)), with respect to the LLth variable

angle used in transforming from system IT(M) to IT(M+l),

where M /- I. (See Section 2.4 of Math Model Document).

The calling sequence is

CALL AFF (NCALL, IT, I, LL, DP, NC) where

NCALL = control variable

(1 calculate derivative of initial position
vector

12 calculate derivative of any other position
vector

3 calculate position vector only

IT(I) = array of joint numbers for a specified link

system (input)

I = integer designating the Ith place in the joint number

sequence (input)

LL = the derivative number to be calculated (input)

DP = the angle derivative of the joint position vector

(used in this case as P(J, IT(I)) itself), (output)

NC = number of columnsof derivative array DP (maximum

number of angles)

The routine utilizes the following additional input from

Block Coesmion

TP (Il, 12) - transformation matrix at a joint (Il= 1, 3;

12 = 1, 3).
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DTP(Il, 12, 13) - Joint derivative array of the trans-

formation matrix with respect to each joint angle

(II = 1, 3, 12 = 1, 3, 13 = 1, maximum number of

0 angles).

TRNSLT(Il) = link lengths (Ii = 1, number of links)

D 1 2

I141

0d
0P

0ilL

0w

0
0

0
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SUBROUTINE DTPF

This subroutine calculates the first derivative of the

product array TP of rotation matrices T(I, J, IT(M))

with respect to the LLth varibble angle , where M is the

MANI overlay but must be included whenever TRANSF is

called (s{nce INTRAN does not require derivative

calculations).

The calling sequence is

CALL DTPF (NCALL, JT, LL) where

(1 calculate product array TP
NCALL = calculate angle derivative of product array

TP, (input)

JT = Joint number (set from IT(I)), (input)

LL = derivative number of product array TP (input)

Input variables transmitted from block common include

IPAR(Il) = array of joint angle specifiers (Ii = 1,

number of variable angles)

TP (Ii, 12) = transformation matrix at a joint

(Ii = 1, 3; 12 = 1, 3)

DTP(Il, 12, 13) = angle derivatives of array TP

(Ii = 1, 3; 12 = 1, 3; 13 = 1, 'Maximum number

of angles)

DT(Il, 12, 13) = angle derivative matrix of rotation matrix T

(Il = 1, 3; 12 = 1,9; 13 = 1, number of joints)

T(Il, 12, T3) = rotation matrix at joint 13 (Ii, 12 = 1, 3;

T3= 1, number of joints)

D162-10127-1

142



SUBROUTINE KOMPAR

Subroutine KOMPAR is a system routine which tests whether

two variables store identical values. Its calling

sequence is

CALL KOMPAR (A, B, C) where

A = first variable to be compared, bit by bit (input)

B = second variable to be compared, bit by bit (input)

C 0 A and B are identical
0 A and B differ

A more detailed discussion of KOMPAR may be found in

Reference 3.

0

n
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PROGRAM REACHA

This program initializes all data needed for Subroutine

PREANL, which determines the gross feasibility of the task

that BOEMAN-I is currently undertaking. It also presents

array PTF, used in the MANl overlay to the terminal eye

and hand joint locations, and final hand orientations of the

task. When the preanalysis has been completed, the task number

and feasible top of spine position are optionally written

on the intermediate output tape. If the task is deemed

infeasible, the final palm positions are redefined and

their distances from the original task-defined positions

are calculated and all pertinent informatton is written

on the intermediate output tape. This program calls

Subroutine PREANL which in turn calls the remainder of the

subroutines of this overlay.
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SUBROUTINE PREANL

This subroutine calculates a feasible top of spine position

given the palm positions of the hands (task defined) and

the location of the lumbar joint according to an optimi-

zation procedure described in the Math Mode' Document

(Section 2.3). The optimization routine utilized is

called MINUM.

The calling sequence for PREANL is given by

CALL PREANL (AA, BB, ALPHA, BETA, XO, YO, ZO, Xl, Yl, Zl,

RHOl, RH02, X2, Y2, Z2, SIGMAl, SIGMA2, X3, Y3, Z3, IREDEF,

Xll, Yll, Zll, X22, Y22, Z22, Ll, L2, L3, L4, L5) where

AA = Lumbar link length (= LINKS(l)), (input)

BB = thoracic link length (= LINKS(3)), (input)

ALPHA = angle T limit on lumbar joint (=ANGLIM(2,1)), (input)

BETA = angle (4 limit on thoracic joint (=ANGLTIM(2,3)),

(input)

SXO = x coordinate

YO = y coordinate of initial top of the spine positionYo(= P(I, 3), 1 = 1, 3), (input)

ZO = z coordinate

Xl = x coordinate

Yl = y coordinate of right hand control point
S~(= RHTPT(I,JTASK), I= 1, 3), (input)

S~ZI = z coordinate
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RH•l = radius from right hand control point to top of

spine with arm in contracted attitude, (input)

RH02 = radius from right hand control point to top of

spine with arm in extended attitude (straight

arm)

X2 = x coordinate

Y2 = y coordinate of left hand control point
(= LHTPT(I,JTASK), I = 1, 3), (input)

Z2 = z coordinate

SIGMAl = radius from left hand control to top of spine,

arm in contracted attitude (input)

STGMA2 = radius from left hand control to top of spine

arm in extended attitude, (input)

X3 = x coordinate of feasible top of spine position 0
Y3 = y coordinate (input)

Z3 = z coordinatei

IREDEF = 1 Task is feasible
2 Task controls have been redefined (output)

Xll = x coordinate

=of redefined right palm position

Yll = z coordinate (output)

ZX2 z coordinate
X22 = x coordinate) 0
Y22 = y coordinate of redefined left palm position
Z22 = z coordinate (output)

Z22 = z coordinate

0
0
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LI = one-half of the interclavicular link length

(= LINKS(12)), (input)

L2 = clavicular link length (= LINKS(14)), (input)

L3 = humeral link length (= LINKS(18)), (input)

L4 = radial link length (= LINKS(20)), (input)

L5 =wrist to palm link length (= LINKS(24) or LINKS(26)),

* (input)

This subroutine alo initializes variables used in

Subroutine MINUM, which it calls repeatedly with each of

the FUNCTIONS FUNI, FUN2, FUN3, FUN4, FfJN5, FUN6, and

FUN7 and Subroutine REDEF.

0
0
0
0
0
0
0
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SUBROUTINE MINUM

This subroutine calculates the minimum value of a function

of N parameters whose values range from 0 to 1, using tech-

niques of random direction gradient direction, average

direction and jump steps in a user-prescribed mixture.

The calling sequence for this routine is

CALL MINUM (N, PARM, A, FUN, IU, IX, ISTP, IPRINT, JR, JG,

JA, JJ, AA, BB, ALPHA, BETA, XO, YO, ZO, QQ, Yl, Zl, RHl,

RH02, X2, Y2, Z2, SIGMAl, SIGMA2, R, RR, DELTA) where

N = number of parameters = 3, (coordinates of top of

spine location), (input)

PARM(I) = array of given starting values for parameters

(mapped to [0, 13 coordinate system) and final

values for parameters (input/output)

A(I,J) = working storage array dimensioned at least

7 x N, (input)

FUN = name of function to be minimized (i.e., FUNi, i = 1, 7)

(input)

IU = start multiplier for random number generator

subroutine RAND (iU must be odd; IU = 3746531

currently), (input)

IX = fixed multiplier for RAND (currently IX = 16777213),

(input)

ISTP = total number of steps to be tried (currently

ISTP = 1000), (input)
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IPRINT = 1-I suppress printing (input)
i+i print out at every ith step

JR = unnormalized frequency of use of random step

(currently JR = 1), (input)

JG = unnormalized frequency of use of gradient step

(currently JG = 20), (input)

JA = unnormalized frequency of use of average step

(currently JA = 1), (input)

JJ = unnormalized frequency of use of jump step

(-currently JJ = 1), (input)

AA = lumbar link length, (input)

BB = thoracic link length, (input)

ALPHA = angle f limit on lumbar joint, (input)

BETA = angle ' limit on thoracic joint, (input)

x0

YO = coordinates of initial top of spine position, (input)

ZQ

YI coordinates of right hand control point, (input)

z1

RH•l? Radii from right hand control point to top of

RH021 spine, in contracted and extended arm attitudesS2 respectively, (input)

Y2 = coordinates of left hand control point, (input)

Z2
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0
SIGMAl radii from left hand control point to top of

spine in contracted and extended arm attitudes,
SIGMA2 respectively, (input)

R minimum distance between top and bottom of spine, (input)

RR maximum distance between top and bottom of spine,

(input)

DELTA = angle between X-Y plane (horizontal) and line from

bottom of spine to top of spine with links at

maximum angular deviation (input)

0
0
0
0
0
0
0
0
0
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FUNCTIONS FUNi (i = 1, --- , 7)

Functions FUN1, --- , FUN7 are used by MINUM and PREANL

to evaluate objective functions with a penalty function

representing constraints. Each is of the form

FFUNi = OBJ + (PENALTY) where

(x-xo)2 + (Y-YO)2 + (z-zo)2 i = 1, 2, 3

OBJ =(x•-x)2 + (Y5-Y)2 + (z5-z)2 i = 4

(x-xM)2 + (Y-YM) 2 + (Z-ZM) 2 i = 5, 6, 7

* 6
PENALTY => C for all i = 1, 7

J=l

For each i, however, the content of the constraint set

differs. ThSCj (J = 1, -- , 0 are the problem constraints, as

specified in Section 3.2 of the Math Model Document.

The calling sequence is

V = FUNi (PARAM, AA, BB, ALPHA, BETA, XO, YO, ZO, XI, Y1,

ZI, RHOl, RH02, X2, Y2, Z2, SIGMAI, SIGMA2, R, RR, DELTA,

Cl, C2, C3, C4, C5, C6, OBJ, X, Y, Z) where

PARAM = normalized coordinates of a feasible top-of-spine

position, (input)

and variables AA through DELTA are as. described in the

sequences of PREANL and MINUM, and

Cj, J = 1, --- , 6) are constraint equations evaluated at

coordinates (X, Y, Z), (functions of PARAM), (output)

0
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OBJ = value of objective function at CX, Y, Z), (.output)

coordinates (unnormalized) of top-of-spine

Z (evaluation point), (output)
z

V = value of FUNi evaluated at PARAM(J), J = 1, 3

SUBROUTINE REDEF

This subroutine redefines the task specified control

points for each hand for an initially infeasible task.'

The calling sequence is

CALL REDEF (XI, Yl, Zi, X2, Y2, Z2, X3, Y3, Z3, XlI,

Yll, ZIl, X22, Y22, Z22, Li, L2, L3, L4, L5).

These variables are defined in PREANL and all but XIl

through Z22 are input variables.
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MINUM invokes the use off a system subroutine, called

RAND Vhich generates random numbers for use in the

calculation off steps and search directions in the

optimization technique.

The calling sequence is

CALL RAND CIU, IX, K, N, U) where

IU = variable start multiplier, an odd-number:

2 24 .4 IU Z-22 5 , (input/output)

IX = fixed start multiplier, 22 4. IX 4 225 ix = 8nt3

where 1048537 4 n 4. 41l94307, (input)

K = an indicator specifying normal or uniform distribution

(K = 1, K = 0 respectively) (K = 0 currently),

* (input)

N = number off random numbers desired (.N = 1 currently),

* (input)

U = an array of N uniformly or normally distributed

variables. If uniform, then 0 /-U(J) L-1,

J =1, --- , N.
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Program MNA11

MANi is the main program for the motion-model overlay which generates

step-by-step task motion for a seated human pilot. It requires that the

initial position of BOEMAN-I (with Euler angles) be completely specified.,

and the control points to be reached and viewed., along with final hand

orientations., also be given. It calls the subroutines RYTE, TASK, POSE

and LYNX. RYTE through POSE represent utility routines for writing.,

position calculation and final step constraints for the hands and eyes

respectively. LYNX is the main routine enbodying the optimization proce-

dure, If at any time~ during the task an infeasibility condition occurs,

checks for violation of the task defining constraints and body-restriction

constraints are made and violations are written on the intermediate output

file.* An infeasibility condition occurs if

(1) The completed number of minimizations to generate a BOEMA-I

position for a step exceeds 5

(2) The value of the penalty function exceeds the maximum allow-

able constraint error value EP2=l inch

(3) The distances between the final hand positions and the hand

control points exceed EP3=1 inch

If the task is feasible, position locations (R) and orientation angles

(ANGLEl) for each step are written on the intermediate output file. Pur-

t1hermore, these position locations (RG) are preserved on a binary file for

the interference overlay as it tests for physical interference.
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Subroutine RYTE

RYTE lists the input to MAR1 and writes out BOMWAN-I joint locations for

each step, control points and constraint violations, preferred angles,

objective function weights and angular bounds.

The calling sequence is

CALL BYTE (NCAIAL)

0 iwhere NCALL = an integer specifying the kind of printout desired by the

calling routines. (input)

i.e., 1 write out input data to MARl

2 write out reinitializing man message

NCALL = 3 write out go onto next task message

4 write Out position vectors and rotation matrices for

steps between 2 nd and next to last step

5 write out position vectors and rotation matrices for

final step

Other input from block common includes

MAN 0 suppress all printout from this routine and return

> 0 continue as specified by NCALL

MAN is a fixed control parameter, specified by the user at the beginning

* of a run.

0
0
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Subroutine TASK

TASK specifies "control points" along the palm Joint straight line paths

corresponding to a given step during a task. It also determines the

number of steps comprising a task. In the final position (step), hand

orientation and directional (line of sight) constraints are also s.t up.

This routine calls: Subroutine LINE and R03.

The calling sequence is:

CALL TASK (NCALL)

where
NCALL 

as input, a positive integer specifying the

entry for TASK; as output, it specifies

whether or not optimization is to be called.

Other input from block common includes:

DR = 1.

ISKIP / = i if optimization is not to be called for

the first position calculation of a task

t i any other integer otherwise

KPOS the number of the current position in a

task

N = the number of parameters (variable Euler

angles) in the stick-man for a task.

NSTEPS = as input, the maximum distance to be moved

by either hand from one position to the next,

in integral inches if a positive integer;

if negative, its absolute value is the

reciprocal of the above quantity.

PTI(I)(I-I,12) = the vector of equality constraints at the

beginning of a task.

PTF(I)(I=l,15) = the same vector for the end of a task;

elements 13, 14, and 15 are the coordinates

of the eye control point

STEPS = the number of positions for the current

task
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Output variables from block comon include

M = the number of equality centraints for a

call to optimization routine LYNX

NSTEPS = the number of steps in which the next task

is to be executed.

PT(I)(I=lI,15) the array in which the equality constraints

for a call to LYNX are stored.

0
0

00
0

0
0
0
0
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Subroutine R03

R03 calcul~tes the three-space rotation matrix given Euler angles

THETA, PHI, PSI. There is an entry point denoted R03F if the sine

and cosine functions of the Euler angles are specified.

The calling sequences are

CALL R03(THETA, PHI, PSI,jRT)

where THETA, PHI, PSI are Euler angles (input) and ROT (output) is a

3-space rotation matrix calculated from these angles.

CALL RO3F (THETA,FPI,•8I,BRM)

where ?

PHI Dhnmy variables

;in (THETA) sin (PHI) sin(PHI-PSI)]

ROT(I,J)- cos (THETA) cos (PHI) cos (PHI-PSI) (input/output) 0
0o 0 0 10

as input and is a 3 space rotation matrix calculated from these angle

functions.

0
0
0
0
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Subroutine LTNE

LINE performs linear interpolation for a line, given its end points as

vectors in Euclidean three space.

0 The calling sequence is

CALL LINE (PIP2,P,T,I,N)

where P1 and P2 are points in N-space (input) and P (output) is a point

on the line through Pl and P2, to be found using the information supplied

by I and the scalar T (input).

If I = 0, T is used to scale the difference of P2 and P1 and thus

determine P on the straight line joining them.

If I = 1,2,3, then a point P on the straight line joining P,P2 is found,

having T as its Ith coordinate.

0
0
0
0
0
0
0
0
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Subroutine POP

P1SE calculates the position vectors for all of the Joints of BCKMA-I

given the EBler angles for each Joint. It utilizes subroutine TRANSF

for these calculations. This routine is similar in intent to subroutine

ANGLET of the IIVRAN overlay Ihich calculates the standard starting

position.

The calling sequamee is

CALL *~E

Input is transmitted entirely through block common and includes

DR previously defined

IC = the label of eye midpoint of the stickiman

IH(I)(I-l,8) = the same for the spine - head system

(see ISPRA)

IJOIN = the label of the top of the spine

IIA(I)(I-I,IO) - the sam for the spine - left arm system

(see ISPRA)

ISPRA(I)(I=IIO) = the link-connecting point (Joint) labels

in the spine and right arm, starting with

the top of the lumbar link and ending with

the tip of the right hand

IUB = the number of link - connecting points (or

Joints) in the spine and either arm of the

stickman

LJOIN the number of variable Euler angles in the

spine link - system

N = number of variable Euler angles

B= the number of link - connecting point (Joints)

in the spine and head system, including eye

midpoint and an extra point one inch beyond

the eye midpoint

TRNSLT(1)(I(-1,36) = the link lengths for the stickmn, indexed

by the labels of corresponding link -

connecting points, such as the positive

integer elements of ISPRA.
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X(I(=IN) = the vector of variable Euler angles

(parameter vector for optimization) that

define a position of the stickman

OOutput from block common includes

ALEPH(1)(I=l,3) = a unit vector based at the eye midpoint of

the stick-man, showing the direction in

which the stick-mn is actually looking
BETH(I)(I=I,3) = a unit vector giving the line-of-sight

direction from eye *idpoint to the eye

control point in the cockpit
B=ETH = the distance from the eye midpoint to the

eye control point

BETHNS = the square of BETHN
P(I,J)(I=l,3;J=l,36) = the coordinates of all 36 link - connecting

points and terminal points (e.g., finger-

tips, eye midpoint) on the stickman

PF(I)(I-4,5,6,O1,11,12) two 3-dimensional unit vectors representing
right hand and left hand orientation,

respectively
TIP(IJ)(I=l,3;J=l,3)= the product of the 3-space rotation matrices

T(I,JK) where I,J, and K vary from 1 to 3,
K increasing from the left in the product

TP(I,J)(I=l,3;J=l,3) = the product of rotation matrices T(I,J,K)

starting with the bottom of spine joint

and proceeding (from left to right) as K

varies ever the indices of a sequential

system on the stickman. TIP(IJ) is a

special case, the sequential system being

the spine link-connector whose labels

(indices) are 1,2, and 3.

0
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SUBROUTINE SPRMG

SPRIG computes the value of the objective function to be minimized.

Currently the sum of squares of the differences between the orientation

angles and the preferred angle values with weight coefficients comprise

the objective function, i.e.,

N

FX = N G(I) • A(I)
i=l

where G(I) = C0NST(I) . A(I)

A(I) = (x(I) - C$NST(I+N)) 0
The calling sequence is:

CALL SPRING(X,FX)

where V(I) (I=I,N) = the current value of the parameter vector (input)

FX = the objective function value (output)

Input variables from block common are:

CONST(I) (I=l,2.N) = the constants needed for the objective

functioa

IPAR(I) (I=l,N) = previously defined (see TRANSF)

M = see TASK

N = see POSE

Output variables from block common:

A(I) (I.l,N) = differences between the variable angles

and its preferred values stored to avoid

repetition for the gradient calculation

performed in SPRINX
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SUBROUTINE SRING- Coatinued

0CG(l) (I1I,N) = weighted differexces betweez the variable

axgles axd its preferred values

0

0

0

0

0

0
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SUBROUTINE SPRINX

SPRINX calculates the Gradient of the objective function (generated by

Subroutine SPRING) with respect to each variable Euler angle. i.e.,

GX(I) = 2 * GM()

The calling sequence is

CALL SPRINX(X,GX)

where XC1) (I=1,N) is as defined for SPRING (input)

GX(I) (I=IN) = the gradient value of the objective function at

X (output)

Input from block common includes

A(I) (I=I,N) see SPRING

G(I) (I=I,N) see SPRING

IPAR(I) (I=l,N) see TRANSF

N see POSE

There is no output through block common. 0
0
0
0
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SUBROUTINE P9C

P0C calculates the equality constraints (link constraints) given a

BOEMAN-I position at each step aid the hand orientations to be assumed

at the final step. The line of sight constraint for the eye is also

calculated for the final step. To accomplish these items, P00 calls

subroutine TRANSF, obtaining position vectors and PT derivatives of

position vectors with respect to the variable angles.

The calling sequence is

CALL PgC(X,PF)

where X(I) (I=I,N) is as defined in SPRING (input)

PF(I) (I=l,M) = the value of the constraint vector at X (output)

Input from block common includes

DR =1

IA = the label of the right arm terminal point

IB = the same for the left arm

IC see POSE

IH(I) (I=1,8) see POSE

IJOIN see POSE

IJPM = IJOIN+I

ILA see POSE

ISPRA se* POSE

IUB see POSE

SKCALL = information from RAKE, which handles all function

calls to LYNX, telling POC iiheth or not to call for

derivatives for the gradient calculation in POCX.
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SUBROUTINE POC - Continued

LA a the number of variable Euler angles in the spine

right arm (ISPRA) system

LAL = LA + 1, the index of the first angle in the

left arm system (ILA(I), I=4,10)

LB = LA + (number of angles in the left arm system)

IJ$IN see POSE

M see TASK

N see POSE

NUB see POSE

PT(I) (I=1,15) see TASK

TRNSLT(I) (I=l,3 6 )see TRANSF

Output from block common includes

ALEPH(I) (1=1,3) see POSE

BETH(I) (I=1,3) see POSE

BETHN see POSE

BETHNS see POSE

DLEFT(I,J) (I=1,3; J=l, LB-LA) = the DP array for the left arm

DRIGHT(I,J) (1=1,3; J=l, LA) = the DP array for the right arm

DP(I,J,K) see TRANSF

DTIP(IJ,K) (I=1,3; J=l,3; K=l, tJTN) see TRANSF

DTP(I,J,K) (1=1,3; J=l,3; K=I,42) see TRANSF

P(I,J) (I=1,3; J=1,36) see POSE

TIP(I,J) (I=1,3; J=l,3) see POSE

TP(I,J) (I=2,3; J=l,3) see POSE
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SUBROUTINE POCX

POCX calculates the gradient matrix (PX) of the constraint vector (PF),

using the first derivatives (DP) of the position vector (P obtained

by subroutine P$*J. This routine calls so other subroutines.

0 The calling sequence is

CALL 1'6CY (X,PX)

where XMi (I=l,N) is as defined in SPRING (input)

PX(I,J) (1=1,N; J=lM) = the current value of the Jacobian

matrix of the vector function PF

at X (output)

Input from block comon includes

ALEPH(I) (1=1,3) see POSE

BETH(I (I=1,3) seoe POSE

BETHN see POSE

0BETHNS see PS

DLEF1T(I,J) (1=1,3; J = 1, LB-LA) see O

DRIGHT(I,J) (I=1,3; J=l,LA) see P00

DP(IJ,K) (1-1,3; J=19 42; K=l, 36) see TRANSF

IA see POC

0 B seePO

IC see POSE

LA see POC

LAL see PM0

LB see P91C

LBL see P00C

LJ0IN see POSE
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SUBROUTINE POCX - Coxtinued

M see TASK

N see POSE

There is mo output through block commox.
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SUBROUTINE TRANSF

TRANSF calculates joint locations and/or their first derivatives with

respect to the variable Euler angles. They are generated for a sequential

array of points connected by links. The Euler angles, together with

arrays defining the structure of the link system are input. TRANSF

calls subroutines AFF, DTPF and ROT3 for its calculation.

This routine is also present in the INTRAN overlay, where calculation

of joint locations is described without derivative calculations.

(IDER = 0)

To calculate joint locations and their first derivatives requires that

the variable IDER be set to 1.

The calling sequence is

CALL TRANSF(V,IT,LB,LUB,K,L,MNA,MNPILJ0IN,JABOS,IDER)

0 where V(I) (I=l,N) = the variable Euler angles, from the bottom-

of-spine joint to terminal joint, for the

spine-right arm system (ISPRA), plus the

angles for the other sequential systems,

each set of angles beginning with the top

* of spine and proceeding to the terminal

joint for that system. At present, the

systems appear in the order ISPRA, ILA, IH

(input)

IT(I) (I=LB,LUPB) = one of ISPRA, ILA, or IH, giving the indices

K for the link-connectors P(I,K) and rotation

matrices T(I,J,K) of a sequential system
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SUBROUTTNE TRANSF - Continued

on the stickman. LB defines the location in

the IT (e.g., ILA) array at which the system

for this call to TRANSF joins on to the body

(e.g., where the left arm joins the top of

the spine), and LUB defines the end of the

system (e.g., tip of left hand)

LB defined above (input)

LUB defined above (input)

K = the current value of the index of the arrays

SC0N and CC0N (see below) (input/output)

L = the current value of the index of V (input/output)

MNA = dimensioning information for calls to utility

routines used by TRANSF. e.g., DTP should

be dimensioned DTP (3,3,MNA). (input)

MNP = the same information for the dimension

P(3,MNP) (input)

IJ0TN = the number of variable angles V(I) at which

the system IT Joins other systems, counting

from the origin of all systems on the stickman

(e.g., see definition in POSE writeup5 (input)

JAB0S = the index (label) of the link-connector

P(I,JABfS) (I=1,3) in the IT system that

joins to the bottom of the spine; in systems

ISPRA,ILA, and IH, JABO$S = 1. (input)
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SUBROUTINE TPANSF - Coxtizued

IDER 1 if derivatives with respect to Euler angles

of the points P(I,K) in the IT system are

desired; IDER = 0 if oily the coordinates

of the points themselves are wanted. (input)

Input from block common includes

CCc0N(I the cosines of the constant Euler angles in

variable transformations T(I,J,....), corresponding

to movable link-connectors (joints). I ranges

from the input value of K to the output value

during a call to TRANSF.

DTIP(I,J,K) = the derivatives with respect to the variable

Euler angles V(K) of the array TIP(I,J),

defined in the POSE writeup

IQ(I = the value of the index of the array IT , which

gives the index of the transformation T(J,K,IT)

for which VWi is a variable Euler angle

IPAR(I) = = 1 if V(I) is the Euler angle 9

= 2 if VMi is the Euler angle %0

= 3 if V(I is the Euler angle f
in transformation T(J,K,IT(IQ(I)))

SCON(I) = the sines corresponding to the cosines in

cc$N(I)

TIP(I,J) = defined in POSE writeup

TRNSLT(I = the link lengths of the links in the stickman

D162-10127-1

171

0



SUBROUTINE TRANSF - Continued

Output from block common includes

DP(I,J,K) (I=1,3; J=1,42; K=1,36)

= the derivatives with respect to variable Euler

angles V(J) of link-connecting points P(I,K)

DT(I,J,K) (I=1,3; J=l,9; K=1,36)

the derivatives with respect to the variable

Euler angles in transformation T(I,J,K) (where

J=l,3) of T(I,J,K)

DTP(I,J,K) (I=193; J=1,3; K=1,42)

= the derivatives with respect to Euler angles V(K)

of TP(I,J), which is defined in the PZSE writeup

F(I,J) (I=1,2; J=l,3)

= the sines and cosines of all Euler angles for a

transformation T or its derivative DT ; F

is used to transfer these functions to R$T3

which calculates T and/or DT

JDER = the variable specifying whether T or one of

the three derivatives DT is to be calculated

in R0T3 • If JDER = 4, T is calculated.

JDFR = 1,2,3 means calculate the derivative of

T with respect to Q, •, or j.

T(I,J,K) (I=1,3; J=l,3; K=1,36)

= the 3X3 rotation matrix for the rotation needed

to transform for the local coordinate system

aligned with link K-1 to that aligned with link K.
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SSUBROUTTNE TRANSF - Continued

P(I,J) (T=1,3; J=1,36)

the coordinates of the link-connectors J

some of which are movable (i.e., are joints),

all expressed in the cockpit reference system

based at the bottom of the stickman spine.

TP(I,J) (I=1,3; J=1,3)

= defined in POSE writeup

0
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SURIOUTINE AFF

AFF generates a rotation and translation of a point (position vector)

in three-space and calculates the first derivatives of the point with

respect to the variable Euler angles.

AFF appears and is described in the INTRAN overlay.
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S11ROUTTNE DTPF

DTPF computes the first derivative with respect to Euler angles of a

product of rotation matrices based on the Euler angles. It calls

Subroutine NAB to generate the necessary products.

DTPF appears and is described in the INTRAN overlay.

0
0
0

0
0
0
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SUBROUTINE R&T3

R0T3 calculates the 3-space rotation matrices and their first derivatives
with respect to their corresponding Euler angles.

ROT3 appears and is described in the INTRAN overlay.

0
0
0
0
0
0
0
0
0
0
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0 SUBROUTINE LYNX

LYNX embodies optimization procedure and minimizes a non-linear objective

function of N variablessubject to non-linear equality constraints. It

uses the Davidon variable metric method (where H is the variable metric

matrix). This method initially established a search direction along

the line of steepest descent and a relative minimum is bracketed in an

interval (X(I),X(I)+ETA*S(I)). If the objective function value is still

decreasing on the interval, then the interval is too small and a larger

interval is chosen. Once a good interval is established, the location

of the minimum is estimated on that interval using cubic interpolation.

If this is not sufficient to locate the minimum, an estimate is made using

the golden section technique. Once a relative minimum is established, the

H matrix is modified and the next search direction is specified on the

basis of H and the procedure is repeated. The procedure stops when the

absolute distance from the minimum does not exceed ERR.

At this point, a new objective function based on an increased penalty

function term embodying the constraints is set up and the optimization

procedure is tried again. When the components of the constraint vector

do not exceed the constraint error ERC, the algorithm is completed and

0 variable orientation angles for a single step have been generated.

This subroutine calls subroutines CTERP, FTPPRP, RAKE, PENLTY, REPLCE,

UBAD, MAB, and TRAC.

"0" The calling sequence is

CALL LYNX(FUN,DER,PENF,PENFX)

where FUN = the formal name of the objective function to be

"D162-10127-1
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SUBROUTTNE LYNX - Continued

minimized (input)

DER = the gradiext of FUN with respect to the optimiza-

tion parameters (input)

PENF = the vector function that calculates the vector

of equality constraints (input)

PENFX = the gradient of PENF (input)

These parameters must be declared with an EXTERNAL statement in any

routine which calls LYNX.

Input from block common includes

IP = the output option for the amount of information

to be printed out by the output routine TRAC

ERC = the allowed error in satisfying each equality

constraint for a call to LYNX

ERR = the allowed error in approaching the constrained

minimum of the objective function during a

Davidon minimization

LM = the upper bound on the number of Davidon

minimizations during a call to LYNX. If the

optimization procedure has not converged by the

time the number of minimizations (KK$UNT)

reaches LM, LYNX is forced to return with the

current approximation to the solution.

M = defined in Subroutine TASK

N = defined in Subroutine P$SE
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0 SUBROUTINE LYNX - Continued

SCALE = the number by which the penalty coefficient

PK is to be multiplied between Davidon

minimizations.

X(I) (I=I,No a defined in the POSE writeup; as output, X is the

solution vector of variable Euler angles for a

stickman position

Output from block common includes

FX = the objective function value at the time LYNX

returns to the calling program

GX(I) (I=I,N) = the gradient at return

KYKEJNT a the number of Davidon minimizations completed

during optimization

K0UNT = the number of iterations performed during the

0 final Davidon minimization in the optimization

procedure

PF(i) (I1,M) = the final value of the constraint vector, with

M equality constraints

PK = the penalty function coefficient; PK is multiplied

0 by SCALE every minimization

PXN = the final value of the penalty function, including

the factor PK
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SUBROUTINE CTERP

CTERP performs the one-dimensional minimization of a function of maly

variables using the method of cubic interpolation to estimate the

location of a relative minimum on an interval. CTERP calls subroutine

RAKE to check the objective function value at the estimated location.

The calling sequexce is

CALL CTERP(FUNDER,PENF,PENFX)

where FUN, DER PENF, and PENFX are externals which have been previously

defined.

Input from block common includes

ETA the estimated scale factor for the search vector

S ; i.e., the search interval for a Davidon

iteration lies between the starting point X

and the point V = X + ETA * S

FX = defined previously

FY = the value of the objective function at

V = X + ETA * S

GSX = the one-dimensional derivative of the objective

function in the direction of search, evaluated

at X . GSX = -(GX-TRANSPOSE) * H * GX

where H = Davidon search matrix

GSY = the same derivative evaluated at V = X + ETA * S

N = previously defined in Subroutine TASK

S(I) (I=I,N) = the Davidon search vector for an iteration

S = -(H * GX)

X(I) (I=I,N) = defined previously
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SUBROUTINE CTERP - Continued

Output from block common includes

ALPHA = the scale factor for the downhill atop vector SIG

FV = the value of the objective functioni at the

interpolated minimum V

FZ = the same quantity, in another storage location

GV(I) (I1,N) = the gradient of the objective function at the

interpolated minimum V

P(I) (I=l,M) = the constraint vector at V

PEN = the penalty function at V, including the penalty

coefficient PK

PvCI'J) = the Jacobian of the constraint vector at V

(I=l,N; J=l,M)

SIG(I) (I=l,N) = ALPHA * S(I) ,the step to the interpolated

minimum

v(I) (I=lN) = X(I) + SIG(IM the interpolated minimum

0
n

0
0

0
0
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SUBROUTINE FTERP

FTERP performs a one-dimensional minimization of a function of many

variables using the Golden Section Technique to bracket a minimum on

a given interval. It returns the interpolated minimum in the interval

(X, X + ETA • S) . FTERP is called only if CTERP fails to estimate the

relative minimum as it is the slower of the two routines. FTERP

repeatedly calls subroutine RAKE to determine the objective function

value at a given location.

The calling sequence is

CALl FTERP(FJN,DER,PENF,PENFX)

where FUN, DER, PENT, and PENFX have been defined previously (see

CTERP).

Input from block common includes

EPl = PE2 = the convergence limit for the algorithm

ETA previously defined

FX previously defined

FY previously defined

GSX previously defined

GSY previously defined

N previously defined

R = the Fibonacci ratio to the desired decimal

place, .618 ....

S() (I1I,N) previously defined

X(W) (I=IN) previously defined
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0

SUBROUTTNE FTERP - Continued

0 Output from block common includes

ALPHA previously defined

SFV previously defined

FZ previously defined

GV(I) (I=,1N) previously defined

0KILL - the number of iterations of the golden section

procedure; 5 SKILL &50

P(I) (I=I,N) previously defined

PEN previously defined

PV(I,J) (I=lN; J=l,M) previously defined

STG(I) (1=1,N) previously defined

V(I) (I=1,N) previously defined

0
0
0
0
0
0
0
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SUBROUTINE RAKE_

This subroutine is used to supply all values of the objective function

and penalty function (and constraint vector) given the values of the

variable angles X . It also generates gradient:values for the objective

function and penalty function. The subroutine is set up to allow for

function calculation using the variable names of the calling routine.

Subroutines called are FUN, DER, PENF, PENFX, and PENLTY.

The calling sequence is

CALL RAKE(FUNDER,PFNF,PENFX,NCALL)

where RUN, DER, PENF, and PENFX have been defined (see OTERP) and

NCALL = the entry point for RAKE. If = 1, this is the first

call for function values in an optimization, and so

the initial values of FX and PXN are found and the

corresponding scale factors FSC and PK are calculated

so that FX = PXN = 10., as long as FX nI. or

PXN 1. FSC remains unchanged thereafter, and PK

is multiplied by SCALE after each minimization.

Input from block common includes

FX = as input, the objective function value to be

modified for the beginning of the next minimization

to take into account the change in PK (the

total FX value = (unmodified objective function

FX) * FSC + PK * PXN) 0
GX(I) (I=I,N) = the same quantity for the gradient

PK previously defined
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SUBROUTINE RAKE - Continued

0PK2 =.5 *PK , used to calculate FI and FiI

PXN zthe input quantity corresponding to FX above

PXNM = the input quantity corresponding to FX above

VMi (1=1,N) previously defined

X(T) (I=l,N) previously defined

xVii) (I=l,N) = a point at which the objective function is

evaluated during Fibonacci (golden section) search

0

XII(I) (I=l,N) = a point at which the objective function is

evaluated during Fibonacci (golden section) search

Output from block common includes

FI = objective function value at XI

FI1 = objective function value at XII

PV previously defined

*FX previously defined

GV previously defined

GX previously defined

*p previously defined

PEN previously defined

PENX = the gradient of PEN

PP = previously defined

PK previously defined

PV previously defined

PX previously defined

MI,, previously defined

PXNX =the grrdient of PXN
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SUBROUTTINE RAKE - Coatinued

VLAMBD(I) (I=IM) = PK * P(I)

XLAMPDI) (I=1,M) = PK * PF(T), sheuld approach the Lagraxge

multiplier vector for a problem with

equaltiy constraints PF(I) but no

inequality constraints.
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0 SUBROUTINE PENLTY

PENLTY calculates the penalty function value based on the constraint

vector. It calls no subroutines.

The calling sequence is

CALL PENLTY(PF,PX,XLAMBD,PXN,FX,PXNX,GX,PK)

where the parameters in the list correspond to definitions given

previously. For some calls to PENLTY, the actual parameters may be

P, PV, VLAMBD, PEN, FV, PENX, GV, and PK .

PF, PX, PK, and the unconstrained objective function and gradient FX

and GX are input. FX and GX are output as (input FX) + PXN and

(input GX) + PXNX, respectively, along with XLAMBD, PXN, and PXNX

0
0
0
0
0

0
0

D162-10127-1

1870



SUBROUTINE REPLCE

REPLCE stores a set of variables evaluated at the initial point of a

search interval in the storage locations corresponding to the end point

of the interval. It also performs the reverse of this procedure. It

calls no subroutines.

The calling sequence is

CALL REPLCE(NCALL)

where NMALL = 1 (input) means replace all variables from list 1 by

those on list 2 and NMALL = 2 means replace all variables from list 2

by those on list 1 . All quantities are input/eutput through labelled

coMmoR.

List 1: FX, PXN, X, GX, PXNX, PX, PF

List 2: FV, PEN, V, GV, PENX, PV, P
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SUBROUTINE HBAD

HBAD modifies the Davidon variable metric matrix H for reintialization

for the next minimization and may restore H to positive definiteness

by zeroing off-diagonal elements and replacing diagonal elements-by

their absolute value. A positive definite matrix H satisfies

Sx~T x
X HX : 0 for all non zero vectors X.

The calling sequence is

CALL HBAD(NCALL)

where NCALL = the entry for HBAD; specifying the array in which H

is to be corrected. Presently, NCALL = 3 is used

exclusively; here, H is set to the identity.

0 Input from block common includes

GSX previodsly defined

H(I,J) (1=1,N; J=1,N) previously defined

N previously defined

YHDFN= a quantity used to store information about

0 the search direction at time of call to

HBAD; not used at present

Output from block common includes

0 N(I,J) (I=I,N; J=I,N) previously defined

0
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SUBROUTTNE MAB

MAB performs the matrix multiplication AB of two matrices A knd B

It has two entry points MATB and MABT which calculate ATB and ABT

respectively. (T denotes the transpose operation on a matrix). MAB

is also utilized in the Intran overlay.

The calling sequences are

CALL MAB(A,B,C,L,M,N,NRA,NRB,NRC)

or

CALL MATB(...)

or

CALL MABT(...)

where A(I,J) , B(I,J) (input) are arrays from which matrices are to be

multiplied and C(I,J) (output) in the array in which the result is to

be stored. A, B, and C have row dimensions NRS, NRB, and NRC, (input)

respectively, and must be so dimensioned in the calling program. L,

M, and N are the input dimensions of the matrices to be multiplied;

the rule is that an LXM matrix times and MXN matrix yields an LXN

matrix, regardless of whether these matrices are A or A- transpose

or B or B- transpose. However, NRA and NRB are the true

row-dimensions of the arrays A and B , respectively.
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0 SUBROUTINE TRAC

0 TRAC provides optional output based on calculations made in Subroutine

LYNX. This output provides iaformatioa regardiag the progress of the

optimization procedure during the search for . constrained minimum

of the objective function.

The output option is dependent on the value of IP which is user specified.

0 no output

1 write X, FX at every iteration

2 in addition, write one dimensional minimization data

IP= 3 write X, FX, PXN, PF

4 in addition, write GX, PXNX and one dimensional

minimization data

5 in addition, write H at every iteration

6 write X, FX, and H at every iteration

7 write H at every iteration

8 write X, FX every iteration and attempted refinement

data if successful

9 in addition, write PF, PXN every iteration

One dimensional minimization data includes the exdpoixt

V = X + ETA * S of the search interval

FY = FV objective fuxction value

GSX, GSV one dimensional derivatives at X and V and the cosines

0 of the angles between gradients GV, GX and the search

* vector S
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SUBROUTTNE TRAC - Continued

The calling sequence is

-CALL TWC(NCALL)

where NCALL = the output mode parameter for TRAC. TRAC will output

most of the quantities in block common, hence all block

comuon correspondiW to LYNX should be in TRAC. 0
0
0
0
0
0
0
0
0
0
0
0
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S PROGRAM INTERF

The purpose of INTERF is to detect and correct for visual inter-

ference between BOE4AN-I and his surrounding environment. In

addition, physical interference between BOEMAN-I and the seatback

is detectable. The detection process consists of finding intersec-

tions of line segments and bounded cockpit planes. For visual

interference, the line segment used is that between the eye0
midpoint and the task defined eye aiming point; for physical

interference, each link of BOEMAN-I plays the line segment role.

On the other hand, all cockpit planes are tested in visual

interference whereas only the seatback planes are considered

for physical interference.

Correcting for visual interference consists of redefining the

line of sight (with the eye aiming point fixed) so that it and

the offending plane no longer intersect. If the correction

procedure is not successful, the task is deemed infeasible.

Visual interference is tested at the end of each task; physical

interference with the seatback is tested at each step of the

5 task. A discussion of the mathematical procedures used for the

interference analysis appears in Section 3.4 of the Mathe-

matical Model Document (D6-53620-2).

S
O
0
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The entire interference procedure is embodied in PROGRAM

INTERF and subroutines called are only for subsidiary

calculations. INTERF is only called if the task is

feasible.

Input variables set in previous overlays and transmitted

through block Common and stored in local variables include:

NPL = number of cockpit planes (NPLANE)

NVERT(I) = number of vertices of plane I, (N)

PPT(I,J,KI = coordinates I of plane K at vertex J,

(BOUND(I,J)) K = 1, NPLANE

*ETPT(I,J) = coordinates of eye aiming point (.task defined)

(EFr'CI)) I=1,3

RF(.I,7) eye midpoint (x, y, z) coordinates (EMP(I))

I = 1, 3

SWITCH =control indicator for whether visuýLl interference

or physical interference is to be checked

= £ check visual interference
1l check physical interference only

*RG(I,J,K) = intermediate joint locations during the task

(SLINK(I,J)) I = 1, 3; J = 1, 26; tnumber-of

movable joints) K = position number

NSTEP = total number of steps in the task, (ISTEP)

"PPT(I,J,K), K = 29, 30, seat back planes, (sBOUND(T,J))

K = 29, 30

*Output from program to intermediate output tar~e
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*LVOC(-I,JY = link name I w 1, 3; J = 1, NL (Number of links)

*PDES(T!,J) = name of cockpit plane I = 1, 4; J = 1, NPL

(Number of planesl

Those quantities calculated during the interference

analysis or used as output are:

(Visual interference)

CENT(II = centroid of plane K, I = 1, 3

LIGHT(II = indicator of relationship between plane I and

line of sight

-1 interpection point is not on line of sight

0 set upon entryto program

1 line of sight embedded in plane I

S2 line of sight parallel to plane I

LIGHTCI) = 3 line of sight intersects plane I outside
bounded region

4 line of sight intersects plane I inside
bounded region

5 line of sight intersects plane I at
eye aiming point

*SOLUT(I,J) = intersection point coordinates for plane J

) (I = 1, 3)

NV(I) = number of vertices of plane K, K = 1, NPLANE

KK7 = number of cockpit plane intersections at the end of

a task

LOSMP(I) = midpoint of line of sight (I = 1, 3)

* Output from program to intermediate output tape.
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0

BBOUND(I,J,K) = storage array for planes K for which

interference has occurred, I = 1, 3, J = 1,

number of vertices (-NVC-K)-J

*I = coordinates of point on redefined line of sight

I=1, 3

(Physical interference)

CEN(.I) centroid of seatback plane K (I = 1, 3), K = 29, 30

IGHT(.I) =indicator of relationship between link K and

seatback plane

0 upon entry0

6 link I intersects seatback plane outside

plane boundary0

7 link I intersects seatback plane inside
plane boundary

TGHT(.I) =8 link I intersects seatback plane at link

end point

9 intersection point is beyond link I

11 link I imbedded in seatback plane

12 link I parallel to seatback plane

*N8 = link number for seatback interference0

*SOL(I,J) =intersection point between link J and

seatback plane (I = 1, 3)

0
0

*Output from program to intermediate output tape

0
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SUBIROUTIXE INSECT

The purpose of subroutine INSECT is to discover if there

is an intersection between the plane bounaary line (an

edge) and the centroid-intersection point line (lack of

such an intersection implies the point of intersection is

inside the bounded plane).

The calling sequence of INSECT is

CALL INSECT (S1, S2, S3, C, Bil, B12, B13, B21, B22, B23,

IND) where

Sl are coordinates point of intersection (SOL(I,J)

S3~ or SOLUT(I,J), I = 1, 3; J fixed)

C = an array (of dimension 3) storing the centroid

coordinates

Bl

is aicoordinates of a plane vertex (BOUND(IJ),

B12

B31 SBOUND(I,J), I = 1, 3; J fixed)

B21
B d) coordinates of the adjacent plane vertex

B231 (BOUND(I,J + 1), SBOUND(I,J + 1), I = 1, 3, J fixed)

(0 no intersection
Intersection has occurred between the two lines

All variables except IND are input to the subroutine.

0 D162-10127-1
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SUBROUTINE DETI Ii = 23. • 141-

The purpose of DETi (i = 2, 3, 4) is to calculate the

value of a determinant of order i. The method used is

the repeated application of Laplace expansion. The

general calling sequence for DETi ( i = 2, 3, 4) is

CALL DETi (AJk, F) where j = 1, i: k = 1, i; i = 2, 3, 4

and k varies most often, and

AJk = element in jth row and kth column of determinant of

order i, (input) 0
F = value of determinant of order i

0
0
0
0
0
0
0
0
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-PROGRAM STJMM

Program SUMM is called 'by the main overlay of the

computer program for each task performed., thtt task

is feasible. The following quantities are calculated:

1. TD Linear displacement of each joint per task

2. TMD Linear displacement of each mass centroid

3. CTD Cumulative summation of linear displacement

for each joint

4i. CTMD Cumulative summation of mass centroid

displacement for each link

05. WORlK Work for each link per task

6. CWOBK Cumulative summation of work for each link

7. SMASS Total mass of man

8. SCTD Total joint displacement for task

9. SWORK Total work of all link per task

010. DJA PSI deflection (twist) per link per task

11. CDJA Cumulative summation of PSI deflection for

each link

12. DHD Head Deflection

13. DI Eye Deflection

14. CDHD Cumulative summation of head deflection

1 5. CDI Cumulative summation of eye deflection

0
0
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0

The program accepts input through labeled common from

other overlays. The necessary input includes initial

and final positions of all joints, the per cent of the

link length for centroid location, parameters defining 0
link structure of man-model, mass values for each link,

and Euler angles for each link. The output is written

onto the intermediate output file for later processing in

the output overlay.

The subroutine called by SUMM is Subroutine CPO 0
Input to SUMM via block common includes

ANGLE1 - initial Euler angle array

ANGLE2 - terminal Euler angle array

R- array of initial joint locations

RF - array of terminal joint locations

MASS - array of masses for each link

LINKS - array of link lengths

CPCT - array of percentages of link length for centroid

location

0
0
0
0
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SUBROUTINE CM]*C

CMI40C calculates the initial and final mass centroid location

given initial and final joint locations and the location of the

centroid relative to the proximal and of the link,

The calling sequence for C1¶LOC is

CALL CMIAO (R., RI, Js JMlj CFCT, II, CLOC$ CIaCF)

DIMENSION R(3.9 Nt),. RF(3.9 NL)., C1CT(NL)o CLOC(3,9 W),

CL0CF(3, Nt) where

R - array of initial joint locations, (input)

RI' - array of final joint locations,, (input)

J - particular link number (joint number~top, of link)., (input)

JM1 - previous joint number for particular link

CPCT - array of percentages referencing length along link

where mass centroid is located., (input)

II - index to determine particular link,, (input)

CL0C - initial mass centroid location, (output)

C40CF - final mass centroid. location., (output)

0

0
0
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0

PROGRAM OUT•

OUTGO is the output overlay. It accepts the intermediate

output file written by previous overlays and a separate

binary file which stores intermediate position and

orientation data written by the MAN1 overlay. The output

is in tabular form and covers three broad areas: input

data, task processing information and summation. The

tables which ae largely self-explanatory, provide a history

of BOEMAN-I's performance and are arranged by task. The 0
summation area is given for each computed (feasible) task

and provides cumulative totals from the starting position.

For feasible tasks, BOEMAN-T's initial and final position

are printed. If the task is infeasible, all intermediate

positions are printed, up to the point of infeasibility. 0
All output is written onto the output file as well as a

backup tape which stores duplicate printer information.

This backup tape is used for chart and graph information 0
as well as for duplication copies of the printout, if

necessary.

Control parameters of the form KTi (i = 1, --- , 20) 0
are used to provide various output options for the user

which may abbreviate the total number of output pages or

tables.

0
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0
The program is self-contained and calls no subroutines.

Input variables to OUTGO transmitted via block Common

* include:

KTi, i = 1, 20 control parameters referencing printout

* options

NCC - number of control codes

NPL = number of cockpit planes

NVERT(I) = number of vertices of the Ith cockpit plane

* All other input variables are read from the intermediate

output tape and the MAN1 output tape. This overlay is

called after all tasks have been processed and all

of the input variables are written on the printer and backup

* tape.

0

0

D D162-10127-1
203



0
0
0
0
0
0
0

Appendix VII

Validation Program and 0
Subroutine Descriptions

0
0
0
0
0
0
0
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Program Sy"

This program accepts joint location data ("N" coordinates) of humans

at midpath during a task. Each task is repeated "NR" times and :n

average location results. This is then compared with the same

sized QOEMAN-I for the same task at its corresponding midpath

location. In each case, the joint coordinates are determined using

a cutting plane through the path.

An F-statistic is used to test the hypothesis that there is no

significant difference between the paths of motion of B(EMAN-I

and humans in performance of the task (i.e they belong to the

same population). Using the formula for the F-value

NN -1

F = N*(,NH-) YZ (xM(') - sxM(I)). [cOVxI]]SN *(NR-) IJ

J=l

where

[c•V[X] ] = 1 [(X(IK) - XM(I))*(X(JK)-XM(J)IJ)

for all I=l,N, J=lN, K=l,NR

And the degrees of freedom are given as

M = NH-N and N

Figure 11 contains a general flow diagram of Program SV0MM.

Input for the program includes

CODE = a control to allow for sequential processing

=HYPO i= PROBLM process following data

) PROBLM stop

PN = descriptive title of data set

N = number of joint coordinates being compared

NR = number of repetitions of the path

MX = maximum order of covariance matrix

D162-10127-1

205



n~ m |

1O

PROEA WRITE
PROBLEM INVERSE

11 CDMATRIX

? YE HASYESCOMPUTE F-VALUE
CODE ý PROB 200 EOF BEEN STOP & DEGREES OF

READFREEDOM

NO NO,'

DWRITE
AND WRIT PROBLEM F VALUE AND

REPLICATED D DEGREES OF
INPUT FREEDOM

DATA .. 
0READ AND101

WRITE

CALCULATE
CALL COVAR COVARIANCE

MATRIX

CALCULATE
CALL MAT INV - -- INVERSE

MATRIX

M YES WRITE
M 1 ERROR10
? MESSAGE

NO

Figure 12. Program SVOMM-Flow Diagram
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S

INP I output control to print out input data

IN? printout data; ý 1 suppress data printout

W = format statement number allowing for Input of data

of various accuracies

X(IJ) = replicated joint location data (one coordinate only)
S~I=i, Np J=l, NR

0 SXM(I) = BOEMAN-I joint location data (one coordinate only)

I=1, N

SOutput data includes

PN = problem descrittion

X(IJ) = replicated joint location data (one coordinate only)

J=lIN J=l, NR

SXM(I) = BOEMAN-I Joint location data (one coordinate only)

I=1, N

A(I,J) = covariance matrix of replicated data I,J=I,N

AI(I,J) = inverse of covariance matrix IJ=l, N

FV = F value (computed)

N = number of joint coordinates being compared; (degree of
S~freedom)

S M = difference between number of replicationS and

number of compared coordinates

A check is made to insure that computation of the inverse matrix

5 does not yield singularity.
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Subroutine C•VAR

The purpose of C0VAR is to calculate a covariance matrix using the

input data of replicated joint locations for each path or task.

The matrix is calculated using

NE

XM(I) E X(I,J)/NRJ=l

RNN = 1 0
( -1 )

SA(IJ) = RNN*Z (X(IK)-XM(I))*(X(JK)-XM(J)); IJ-I,N

K=l

where XM is the input data means; RNN is the reciprocal of the

number of replications minus one; and SA is the covariance matrix.

The calling sequence for COVAR is

CALL COVAR(NR,NTXXM, SA)

where
Nr = number of repetitions of path (input)

NT = number of joint coordinates being compared

(input)

X(IJ) array storing replicated joint locations

(one coordinate only) (input)

I=lNR J=lNR

XM(I) = means of K array I=l,ii (output)

SA(IJ) - covariance array I,J=I,NT (output) 0
0
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Subroutine MATDNV

This subroutine finds the inverse of a non-singular NXN matrix. The

method uses the Gaussian elimination technique with pivoting of the

diagonal elements on both the original matrix and the identity matrix.

A check for singularity is also performed.

The calling sequence for MATINV is

CALL MATINV (SAAI,N,NR,M)

where

SA(I,J) = matrix to be invrted (IJ=I,N) (input)

AI(IJ) = inverse matrix (I,J=l,N) (output)

N = number of rows and columns of SA
and AI (input)

NR maximum number of rows of input
matrix (input)

M = output indicator for singularity
of input matrix

0 m 0 SA is singular (output)
, 0 SA is non-singular
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Appendix VIII

Multi-mission Simulator Control

Code Definitions

0
0
0
0
0
0
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?4ULIMISSION SIMULATOR CONTROL CODE LISTING

(Identifies centroid unless specified otherwise)

Flight Controls (F'C)

W1 ?CYWS Flap/wing sweep control (primary)
(2) FCEPS Emergency flap switch
(3) ?CRT Electrical control (rudder trim)
(14) FCEPT Electrical control (emergency pitch trim)

(5) FCCSC Center stick control
(6) FCSPS Speed brake switch
(7) FCT Throttles

Flight Instruments (FI)

(1) FIRPM Engine display (left % RPM)
(2) FTRP1VR Pnv'ine display (right % RPM)
(3) FIPI' Pitch/trin
(L) FTAT Aileron trim
(5) FIWSFP Wing sveep/flap position
(6) FI-FT Total fuel
(7) EPTFI Dirital fuel (panel centroid)
(8) FITSI Turn and slip indicator
(9) FTAAT Anple of attack (tolerance indicator)

(10) FIAAA Angle of attack (analog)
(11) FIHIJC Head-Up Display Control (center)
(12) FIHUD Head-Up Display (screen center)0(13) FIAT Attitude Indicator
(114) FIAS Airspeed
(15) 71MM Machrneter
(16) FTvqn VSfl (Vertical Situation Display) centroid
(17) FTVSDSS VST) Symbol Selector (upper left corner)
(18) FI`VSDK VSD horizon selector (upper right)
(19) FIVSDI V9D intensity/contrast (lower right)
(20) FTVSDC VSD switch (lower left)
(21) FTC Clock
(22) FlBA Baromnetric altimeter
(23) FTRA Radar Altimeter
(2L4) FITC Magnetic compass
(25) FIRC Rate of clinb

(27) FITRMI EMI (Radio magnetic indicator)
(20) FIHSD)(l) HSD (horizontal situation display)
(29) FTHSD(2) }{SD (extreme bottomi point on screen)
(30) FTHSDGC HSD (gain/contrast selector)

(31) FIHSDCI I{SD (chart intensity selector)

0
0
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Automatic Flight Control (AFC)

AFCSCP AFC System control nanel
i)AFCSSP Stecrinp, select panel

(3) AFCSAP Stability augmentation panel
(1)AFCADC Air data command control panel

Mechanical Systems (MF:)

(1) MFS? npine start- panel
(2) "N r T ' Flec Control pane'. - external power switch
(3) ,ISLTC I Li.chts control - internal
(4) ý4m,(77 Lir~tts control - external
(5) MT4 f',,TC Lan( in,- gear control
(6) mq7fMP Puel manag~ement pa,.nei
(7) 1 S 7C P Environment control panel
(8) 1MSCPT Cabin pressure altituide gage
(0) M S L 00) Liq-oiO Oxyg~en quantity rgage

(in) MSITP Ilyciraulic panel (util~ity power control)
(11) MSAHC Arresting, hoolk control
(12) MSRAT Rihr. air turbine (7"A7) handle
(13) MSE Iýrer,7ency brake inlicator
(1O mrmLS Master light switch

0

(15) MSAS Anti-skidl

Defense/Countermeasure (DCM)

(1) DcM.scP, Defense ýýWster~ Control Panel
(2) DC7-ITIAWI RITAW (Rad~ar Homing and Warningý,) operation indicator
(3) DC4TLWI Lauinch W~arninr.g Indicator
(1C) DCMTDSP Electronic Defensive Status (EDS) panel

(1) CAMCAdvisory and Caution Annunciator (ACA)

(1) CAMCMaster caution (reset)
(2) ACAPEL Fnrgine (1) fire
(3) ACAF7? Fngine (2) fire
(4) ACAL? Lipbt panel (ACA p~anel)
(5) ACALEW Low fuel
(5) ACAWW VWheel-s
(7) ACALAW Low altiturle warning,

Weapon System; (2

(1) WSATS Weapon nonitor and select - aim interlock switch
(2) WsAT Weapon masnag~ement panel (centroid)

()WqASP Attack select panel
(1 '.) WSMAS M1aster arm switch
(5) WSFC Gun suw.tch

(6) WS17s Weapon status
(7) WSSPS, Special weapon control switch
(0) WSSPAT Special weapon arm indicator
(9) WSEJT Thnergency Jettison

(10) W9SLLLT.V LLLTV - Laser control. panel
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Communication, Navigation and Identification (CNI)

W() CNTMPS Integrated CNI Control Panel (master power switch)
(2) CNIMSS Integrated CNI Control Panel (MiC selector switch)
(3) CNITS Integrated CNI Control Panel (transceiver selector)
(4) CNTICSP ICS control panel
(5) CNIRBC Radar beacon control panel
(6) CNIDLR Data link readout
(7) CNIDLC Data link command
(3) CNINMS Navigation control panel -NAV mode selector
(9) CNIL0n Navigation Control Panel - LORAN Operate Switch

(10) CNIDSS Navigation Control Panel - Destination select switch
(11) CNINDP Navigation display panel
(12) CNIHTTD Headinp and TTD (time to destination) switch
(13) CNIMDS Map and data storage locker

0

0
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FORTRAN IV SUBROUTI•NE MNUM
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. SUBJECT FORTRAN I1, IV Subroutines MINUM

PURPOSE:

0 The subroutine MINUM determines the minimum value of a function of several para-

meters. This optimization technique is applicable to a more general class of

problems than many of the existing optimization subroutines. The function

(1) may have discontinuities, (2) may have several relative minima and (3) need

. not be differentiable.

. ,METHOD:

A complete description of the algorithm for MINUM is given in Ref. I. Only a

brief outline of the computational technique is given here.

The minimum value of a function is determined by evaluating the function for many

values of the parameters (parameters must be in 0-1 interval). The following four

methods are used to change the parameter values.

0 (1) a gradient step (GR) or a boundary gradient step (BG)

(2) a random direction step (RD). If this step is unsuccessful, a step

* in the opposite direction will be taken (ND)

(3) an average direction step (AV). The direction for this step is the

Saverage of the directions for the last five successful tries.

(4) a jump step (JS). The values of the parameter are random numbers.

0
0
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The step size for steps 1 to 3 is dependent on the number of successes and fail-

ures in previous steps. The relative frequencies for each of these 4 steps is

specified by the user.

DISCUSSION:

Several applications for this subroutine and the construction of the merit

function are discussed in Ref. 1. Some simple examples are presented here.

Zxample I - Step Function

The merit function for this example is the step function given by

0 if .9< x and

7(xl,x2) 5 .1x2.7

otherwise

This function is illustrated in Fig. 1.

f(xlx2)

1X2

xi

FIGURE 1

Merit Function for Ex. 1
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0

For this example only jump steps were requested. The other 3 types of steps

all require longer computation times and could not be expected to decrease the

* number of steps required. The gradient step is the least desirable step *for

this type of function. When a gradient step is requested where the function is. constant in the neighborhood of the current position, the function is evaluated

n (no. of parameters) times, a test is made, the gradient step is abandoned, and

. another type of step is tried.

The total number of steps requested for this problem was 200 and the minimum was

found for the first time on step 108. The 200 points, (xl,x2) , where the. function was evaluated by MINUM are shown in Fig. 2.

1.0 I I ! I I o

.8 a a0o

0 SIPo
.60 x2  . U e D

i .p

== : ,• ,, , ° " "s ,

O I I

0 0 U I-' . a

0 .2 .4 .6 .8 1.0
A Xl

0 FIGURE 2

Function Evaluation - Ex. 1
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The probability of finding the minimum for this particular function on a single

step is Pr - (.l)(.2) - .02 . Thus, in 200 steps the average number of times

the point (xl,x2) will be in the minimum region is 4 .

The probability of finding the minimum for this type of function will decrease as

the number of parameters increases. For a function of 10 parameters, where the

sides of the minimum region have length .5 , the probability of finding the

minimum on a single step is (.5)10 a .001 . Thus, on the average, only one

step in 1000 will fall in the minimum region for this function. This demonstrates

the importance of defining the parameters so only the region of interest is

searched.

Example 2 - Exponential-Cosine Function

The merit function for this example is

f(r) - •2r cos (6wr)

where the radius r is 4Z + x . This function is illustrated in Fig. 3.
1 2

A summary of the printout from MINUM is given in Table 1 for the first 90 steps.

The radii at which the function was evaluated in these 90 steps are indicated in

Fig. 3.

Some of the search characteristics exhibited in Table 1 are typical for MINUM.

(a) The relative frequency of random direction steps will always be

greater than requested (except for the case when the requested fre-

quency is zero). The requested relative frequencies for this example

were 12.5%, 37.5%, 25% and 25% for RD, GR, AV and JS steps
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0
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0

0 .5Rais5.

0

Merit Function -Ex. 2

0
0

0
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Step Step Current Best Step Step Current Best
No. Type F Radius F No. Type P Radius F

1 RD -. 014 1.090 -. 014 46 ND -. 458 .116
RD -. 063 1.116 -. 063 RD -. 410 .112
RD -.097 1.160 -. 097 ND .285 .278
RD -. 032 1.099 3D .865 .023

5 AV -. 032 1.099 50 ND .435 .298
RD .097 1.156 RD -. 679 .143
ND .115 1.025 ND -. 661 .183
JS -. 162 .857 -. 162 AV -. 562 .198
AV -. 177 .808 -. 177 GR -. 392 .110

10 AV -. 119 .782 55 RD -. 701 .174
GR .254 .677 ND -. 715 .155
AV -. 119 .782 iS .107 .725
RD -. 072 .893 RD -. 578 .196
ND .038 .741 ND -. 556 .126

15 RD .066 .940 60 iS .264 .656
ND .249 .680 iS .098 1.036
RD .083 .730 JS -. 126 .874
ND -. 046 .902 RD -. 527 .202
RD .260 .671 ND -. 451 .115

20 ND -. 167 .854 65 AV -. 709 .170
RD -. 166 .855 JS .048 1.061
ND -. 047 .761 GR -. 673 .142
RD -. 190 .830 -. 190 RD -. 714 .168
RD -. 166 .855 ND -. 697 .148

25 AV -. 186 .818 70 JS -. 097 1.158
GR -. 124 .784 iS .061 1.302
RD -. 181 .812 RD -. 719 .157
ND -. 172 .851 ND -. 720 .159 -. 7200
RD -. 152 .775 ND -. 720 .162 -. 7204

30 ND -. 141 .868 75 ND -. 716 .167
RD -. 130 .872 RD -. 692 .146
ND -. 140 .790 ND -. 685 .178
RD -. 121 .876 AV -. 700 .174
ND -. 129 .786 is .049 .739

35 is -. 719 .157 -. 719 80 GR -. 693 .146
RD .416 .295 RD -. 721 .161 -. 7206
ND .533 .050 RD -. 720 .161
AV .346 .285 AV -. 701 .173
iS -. 179 .846 GR -. 688 .145

40 is .026 .414 85 RD -. 720 .160
GR .892 .020 ND -. 720 .164
iS -. 097 1.155 RD -. 692 .146
RD .233 .272 ND -. 693 .176ND -. 551 .125 is .131 .71945 RD .270 .276 90 RD -. 700 .174

TABLE 1 0
MINUM Results for Exponential Cosine Function 0
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Cespectively. The observed frequencies for these 4 types of steps

were 69%, 6.5%, 9% and 15.5% after 200 steps.

(b) Unless the region of the minimum is large, the random direction

steps will be more successful than the gradient steps at the begin-

ning of the search. The step length is always the maximum length

at the start of the search and the gradient steps tend to overshoot

0 the relative minima. When there are many successive unsuccessful

steps, the step length will be decreased and the gradient step will

be more successful.

(c) During the initial steps the average direction steps are usually

as successful as the random direction steps. The directions for

the last five successful steps are used to determine the direction

for this step and since the successful steps initially occur in

different regions, the average direction is usually not an optimum

direction.

0 (d) After the initial steps a random direction step (RD) is nearly

always followed by a negative direction step (ND). This in part

accounts for the higher observed relative frequencies for the

random direction step.

. For most applications, little will be known about the merit function and thus

it will usually be difficult to determine how to reduce the number of steps

. required for finding a minimum. This is not a problem for the cases where the

merit function is easily evaluated. However, in the cases where the number

of parameters is large and where the evaluation of the merit function requires

i
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a long computer time, it is desirable to use MINUM as efficiently as possible.

For these cases only the region of interest for each parameter should be trans-

formed to the 0-1 interval. It will usually be difficult to determine the

relative frequencies for the 4 types of steps which will provide the most

efficient search. However, a careful examination of the step-by-step behavior

of MINUM will in any times provide the information needed to improve the choice

of the relative frequencies. 0
USAGE: DIMENSION PARM(N),A(7*N)

CALL MINUM (NPARM,A,FUN,IU,IX,ISTP,IPRINT,JR,JG,JA,JJ) 0
INPUTS: N - no. of parameters

PARM(I) - array of starting values for parameters. Must be between

0. and 1. .

A - array for working storage. Must have size at least 7*N.

FUN - name of function to be minimized (requires EXTERNAL card

in calling program.)

IU - start multiplier for random no. generator RAND. IU must

be odd.

IX - fixed multiplier for random no. generator. IX must be -

8n + 3 where n is an arbitrary integer and IX should

be near 2**X where X - 17.5 for the 7094 and X - 24 for

the 6600.

ISTP - total no. of steps to be tried

IPRINT - modulus of steps when printing desired. If IPRINT is 0
negative the history information is suppressed.

JR - unnormalized frequency of use of random steps. 0
D162-10127-1
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0

A - unnormalized frequency of use of gradient steps

JA - umnormalized frequency of use of average steps

JJ - unnormalized frequency of use of jump steps

OUTPUTS:

PARM(1) - the values of the parameters which gave the best minimum

IU - final value of random no. multiplier

PRINTED OUTPUT:

0 The subroutine MINUM prints intermediate values of the parameters

and the corresponding function value. The initial values are always

printed. Each IPRINT steps MINUM will print the following informa-

tion.

(1) No. of steps taken

(2) Current value of best minimum

(3) Values of parameters for best minimum

(4) Current step size.

If the history information has not been suppressed (IPRINT> 0), the

following information is also printed each IPRINT steps.

(1) the current parameter values

(2) the current function value

(3) the current type step

S(4) the no. of successful and the no. of unsuccessful trials

for each of the 4 types of step

(5) the total successful distance for each the average, random

direction, and gradient steps.

(6) the direction cosines for current step (if not Jumpstep)

0D162-10127-1
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After the final step the value of the current best minimum and the

corresponding parameter values are printed. 0
SUBPROGRAMS:

Subroutine RAND - PS419,PS-419A Function FUN which evaluates

function to be minimized.

ERROR RETURN:

None

RESTRICTIONS:

MINUM may be used for several purposes in one program only if calls 0
to MINUM are made serially. Nested calls to MINUM (i.e., MINUM

calls FUN which in turn calls MINUM to evaluate function) are not

allowed.

SAMPLE PROBLEM:

The source program and the printout for the circuit design problem

described in Ref. I are given here. Two runs were made, each having

different initial values. The 6600 central processor time was 3.1

sec. for each run. 0
0
0
0
0
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FORTRAN IV PROGRAM M?7Yg!NPUT.OUTPUT.TAPESaIWPU?,?APE6*uf)UptgY)

C
C MAIN PROGRAM FOR MINUM YFS? PROBLEM I

000043 Plm3*1415924536
000045 HP!. P3/?,
000047 TOPIN ?.Opt
00004j0 Nu4
0000s1 IUu3746%31

000091? IX414777213

006S EAn(S%.) iNiASJF J

00001? MU) 99 1./(1..NASF

000063 10 PFRIS*S IP.NT1SFP
0000156 CEALL s M I ptM( nXejPFS I.EIToSIRTjJ.B.Aj

000170 O1uP)SI.MK)
000123 AlX 1/7) 1

000130 X14 ./O) 1
000133 DmeFSS/(X) 1

0001?0 WR!H6.FI) O

000?17 ORATm *1F1.4IX.IM.NA.I -toIN.2

000210 909 WPATITEEA 900; FS MIN!TOI1l1)A.IA.l

00023095 EFOPAjjq0#HfTjH

000234 STOP

002s0N

012102-
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FORTRAN IV FUNCTION F55131

00041? DIMENSION X141qFN4I2),DfNI2)*ALPfII
00041' COMMON HPI.PIOTWOPIDTHETA11OI

000421 Fm
000422 FNMEIIIU WfN11...#31l)
0011425 DEN(JlwIs/4 - Is FN?)
000431 VNMIZIN FN*(1*.w1.#3)l
000434 OEN(?)e 1./X(4) al, -FN#FN

C

O0o4l7 n0 s0 12102
000441 IFIDFN(IIU 100201
000443 1I F(FNMITI) 20,21921

000451 10 ALFII1)NI *ATAN(rNM(1)/nEN(Il)

000461 G0 Tn Sn
000461 20 ALFET)U7~nP1 * ATAN(FNMII)/DCN(I))
o00041 GO To 50

000471 21 ALF1I)a ATAN(FNMfI)ODENII))

000S00 30 ALF(I) a TWOPI-MPI
000503 00 TO SO
006144 31 ALF (ImwO.0
0005.06 GO TO So
00AS06 32 ALP E1)UNP!
000510 530 CONTINUE
000%1? TMPTA (N). (ALF CI .hLP' I?))'?

000%16 60 IFfTHETA(Nl.pN.LF.Pll 00 TO 100

ooo0i5 GO TO 60
000525 100 FSS.FSS.(l11,FN)*ABSIMETAINI*P'N)

00053? RETURN

00OS40 EN
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0

EQUIPMENT: 6600

LANGUAGE: FORTRAN IV. STORAGE:

octal 
Decimal

6600 1647 935

REFERENCES: (1) Pearson, C. E. and W. S. Willman, C Computer Program for

Design Optimization, Sperry Rand Research Center, Rpt. No.

SRRC-RR-65-48, June, 1965 (See author for copies)
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0

TABLE OF BASIC SYMBOLS

DGIANT = .-/N

DROE = STEP SIZE

XMIN = BEST MINIMUM

DRO = STEP SIZE

KKK = NO. OF CURRENT STEPS

Ki = NO. OF SUCCESSFUL STEPS IN THIS DIRECTION

K3 m= 15-NO. OF SUCCESSIVE UNSUCCESSFUL STEPS

K6 = SWITCH IF 1 SOME PARAMETER MAY BE Ar THE BOLDARY
IF 2 THERE ARE K8 STEPS TO TIE BOU-NDARY

K12 = SWITCH IF 1 GRADIENT IS PERMIISSIBLE
IF 2 a " NOT PERMISSIBLE

K13 = 5-NO. OF SUCCESSFUL STEPS IN THIS DIRECTION

K14 = SWITCH IF 1 AVERAGE DIRECTION IS PERMgISSIBLE
IF 2 " NOT PERIISSIBLE

Nis = SWITCH IF 1 NORMAL GRADIENT
2 USE GRADIENT AT THE BOLNDARY

K2. = SWITCH IF 1 LAST TRY WAS A RANDO',1 TRY
"2 " GRADIENT TRY

"3 "" AVERAGE
"4 " ""JUP0IP
'"5" " " "NEGATIVE

K8 = MINIMUM, OF STEPS TO BOUNDARY

DRD, = RANDOM A

RGUD = TOTAL GOOD DISTANCE IN THIS TRY

LAI) = NO. OF STEPS IN EACH OF THE FIVE TYPES OF TRIALS

JL(I) = NO. OF SUCCESSFUL STEPS IN EACH OF THE FIVE TYPES OF TRIALS

X1(I) = SUCCESSFUL DISTANCE IN EACH OF THE FIVE TYPES OF TRIALS

K1O = LOCATION OF LAST SUCCESSFUL ?AR,'ETERS IN STORAGE

XLL = HOLERIT'H TIILE TELLING WHAT TYPE OF TRIAL THE LAST STEP WAS

A(3,I)-A(7,I) STORAGE OF SUCCESSFUL DIRECTIONS. DISTANCE IN THAT DIRECTION

A(1,I)-A(2,I) = WORKING AREAS FOR DIRECTIONS AND PA?.1,ETERS

0
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START

INITIALIZATION0

* SET PRINT SWITCHES

[ ] DGIANT= W10.

[ DROE = DGIANT

DIVIDE UNIT INTERVAL

INTO SUBINTERVALS
FOR TESTING RANDOM NO.

DRO = DROE

KKK=0

K3= 15
K6= 1
K12 = 1
K13 = 5
K14=2

A(2, I) = PARM (I); 1= 1, N

X1(I) =0.

J(I) =0 1= 1, 5

0 LA(I) =0

0XMIN = FUN (PARM)

* PRINT START
VALUES

I. I DRDM =RANDOM NO. 1

0
0r

D162-10127-1
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DETERMINE NEXT STEP 0
0

_L20
TESTK14= 2

DRMFO E AGSEP YSXLL = 2HAV Lf'

70A01, 1) = Z• A(J, 1)

J= 3
NO 1NO FOR I = 1, N

"115

R0'RA DRM

TEST -3O K 2 = 1

DRDM FOR YES •,/ XLL=2HRD

DRADOM 
O~,1 ADMN

NOR

• JUMP/

140

K1 =00

K2=4

K3 = K3 + 1
XLL = 2HJS
DRDM = RANDOM NO.
PARM(I) = RANDOM NO.

I = 1, N

2200
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200 NORMALIZE DIRECTIONS

-4 -TO OBTAIN DIRECTION COSINES

DSA5 (1, 1)2

0l=

COMPUTE NEW PARAMETERS

PARM(l) =A(2, 1) + RO A01, 1)1

=2
K6

IF PARM(l):'.1., SET
PARM(I) =12.-PARM(I)/
FOR I = 1, N

02
0O ---- E

0A(2 A(2 0
0K K RN IA
0MN FNPR)VLE

D0162-10127-10 239



150

K2=2 DRDM = RANDOM NO.

K15=2

XLL =2HGR

K12 = 216

L0

<D O -162 -1

2K 0 -ý

PARM A0, 1) 0.I 70 = 8

K15 302 31 K=

#2 XL A(2 1)+HNDR D
K3=, 15AU I

N=, 1=1

YES 02
A(2,)-1 210=

PARM (1) A(221))17 2918

1LL2HB 0L 2I~,I =(-AU, 1)
L . 1 , 1

K15

D 162-10127-1
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7 4 0 0 S U C C E S S F U L 
500 U NS U CS S FULY

TRIAL TRIAL

RGUD =RGUD + DR0 N PRINT
XMIN =XMINI

J1 (K2) Jl J(K2)-#-YE
Xl(K2)=X1(K2) + DRO RN0URN
A(2, 1) = PARM(I) VL
I = 1, N

NO PRINTK1 
!-0 YE 16
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Appendix X: Subroutine name Index

Storage and Retrieval Subroutines

(PROGRAM) AApSJS . ........... .......... 117
(PROGRAM) RAPSIS .. . . . . . .............. . . . 119

.... . ..... ........... . .. . ......... . . 121

riEFSBI .. . . .. ....... . . . . . . . 121

REMSET. ..................... .. . .121

DFST ........ . . ... ....... 121

PM. T .... ... .. ......... . . 121

GETSET ............ ................... 121

GTST ........................................ 122

SVT: . .. . . . . . . . . .. . . : . . . . . . . . . . 122

SAVTBS ................ ....................... 122

REMT: .PAB ............................... 122

IORC .................. .................. . . 122

NVIIRY ............. . . .............. 123

LSTSTS .................. .................... .. 123

MFWRK .. . .............. .... 123

KONSTR* ..................... ........... 124

STRMOV* ...... ................ 124

Cockpit Geometry Evaluation Subroutines

(PROGRAM) OGE ............ .. .... ......... 125

(PROGRAM) IN. . ......................................... 127

.ANGLETr ......................................... 127

SLJP.P ..... ............. . .......... 129

ROT3 ........................................ 135

TRASF . . ....... . ......... . . . . 137

MW (MATB,MABT Entry Points) ..... ............ .. 139

AFFY# ........................................... 140

S]YTFF ........................ 142

KOMPAR* ........ ....................... .. 143

(PROGRA) REACA . . . . . . . . . . . . . .. .. . ... 144

0 PREAL ......................................... .. 145

*System Subroutine

+These routines are also listed under PROGRAM MANI
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Cockpit Geometry Evaluation Subroutines (Cont.) p

(FUNM....M ............ . ............ 148

(FUNCTION) F'JN2 . . . . . . . . . . . . .* . . . . . . . 151

(FUNCTION)) it ................ . . . . . ............ 151(FI.uNC"IrION )Eu5..................................~ 151
(FUINCTION) RI6... ................................... 151

(FUNCTION) FUN5 ............ ............ . . . 151

(FUNCTION) I6 ........... . ........... 151

(FUNCTION) FU.. .. ............ . . . 151

REDEF .. ............ ........ 152

RAND* ........................ ...... 153
(PRO GA M) W M .... . . . . . . . .. . . . . . . . 154

TASK ........................................ 156 0
R03 (R03F Entry Point) ...... ............. ... 158

LINE I... .... . ...................... 159

POSE ....................................... .. 160

SPRING (=FUN) ............... ................. 162

SPRINX (=DER) . ................ 164

Poc (=pENF) ........ ................ . 165

POOX (=PENFX) ......................... 167

TRANSF+ . I . . . . ......... . . . . 169

AFF t..................... 174
IYTPF + 175
R 3. . ..... ........................ 176

X .............. ...... 177

CTERP ............. .................. . 180

SF''EIRp.............. ....................... 182

RAKE ................ .................... ... 184

S. . . . . . . . . . . . . . . . . . . . .. . 187

REPLCE ................ ............. .... ... 188

HBAD ............ ..................... . 189

MAB + ............ ...................... 190

TRAC ........ ................... 191

*System Subroutine

-These routines are also listed under PROGRAM IITRAN 0
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DE'.2 . . . .* . *. # . .. * . .. . . . . 1980 DET3 . . . . . . . . .......... 198

]rL4 .*T. . . .. .. . . . .......... . 198

(PROGRAM) SUMM . , . . . . . . . . . . . . .. . . . 199

CMLOC . . . . . . . . . . . . . . . . . .. . . 201

(PROGRAM) OUTGO . . . . . . . . .......... . . .202

Statistical Validation Subroutines0 (PRoG.RA) )svoMM . . .... ......................... .... .... 205
COVAB........... . . . . . . . . . . . . . 208

MATINV .. .. . . ............. .. 209
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